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meetings,  and  if  judged  to  be  of  sufficient  interest,  shall  be  printed  at 
the  expense  of  the  Society,  in  its  Transactions. 
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Corresponding  Members. 

n. — Every  candidate  for  admission  into  the  Society  as  an 
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rV. — The  Secretaries  shall  address  to  every  person  elected  a 
member,  a  notification  of  such  election,  with  a  copy  of  the  printed 
Rules  and  Bye-lays  of  the  Society. 

V. — No  person  elected  a  member  shall  be  entitled  to  exercise 
any  privilege  as  such,  until  he  shall  have  paid  his  annual  subscrip- 
tion, or  the  composition  in  lieu  thereof. 
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VI. — The  annual  subscription  to  be  paid  by  ordinary  members 
shall  be  twenty  shillings,  due  on  each  successiye  first  day  of 
October,  and  payable  in  advance  for  the  current  year,  and  shall  be 
a  debt  due  to  and  recoverable  as  such  by  the  Treasurer  for  the 
time  being. 
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of  April  in  any  year,  shall  pay  the  sum  of  ten  shillings  as  the 
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period,  become  a  life  member  by  compounding  for  future  annual 
subscriptions,  including  that  of  the  current  year,  by  the  payment 
of  ten  pounds.  If  he  has  already  paid  the  subscription  for  the 
current  year,  or  any  part  of  it,  such  payment  shall  be  allowed  in 
part  of  his  composition. 
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unpaid)  to  admission  to  the  meetings  of  the  Society,  the  use  of  the 
Library,  and  to  one  copy  of  each  of  the  Transactions,  and  of  any 
other  publications  the  Society  may  print. 

X. — Individuals  distinguished  for  their  Geological  or  Mining 
researches,  for  their  liberality  to  the  Society,  or  for  their  con- 
nexion with  other  Societies,  may,  on  the  recommendation  of  the 
Council,  be  elected  honorary  or  corresponding  members  of  this 
Society  at  any  ordinary  or  general  meeting.  But  such  honorary  or 
corresponding  members  shall  have  no  vote  in  the  affairs  of  the 
Society. 

XI. — Any  member  may  withdraw  from  the  Society  by 
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sums  due  from  him  to  the  Society,  and  retained  all  books  and 
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other  property,  if  any,  in  his  custody,  helonging  to  the  Society ; 
or  shall  have  made  fall  compensation  for  the  same  if  lost  or  not 
forthcoming  after  two  months'  notice  from  the  Secretaries. 

XII. — ^As  soon  as  any  member  has  let  his  subscriptions  full  two 
years  in  arrear,  the  Secretary  shall  notify  the  fact  to  him,  and 
require  him  to  pay  what  is  due  within  one  month.  In  case  of 
non-compliance  with  such  request,  the  Council  may  determine  the 
membership  of  the  defaulter. 

XIII. — ^An  annual  meeting  of  the  Society  shall  be  held  in  the 
month  of  October,  for  the  purpose  of  electing  the  officers  for  the 
current  year,  receiving  the  Annual  Report  of  the  Council,  together 
with  an  audited  statement  of  the  Eeceipts  and  Expenditure 
of  the  last  year,  and  transacting  the  general  affairs  of  the  Society. 
At  this  meeting  any  member  may  question  the  Council  upon  any 
matter  contained  in  such  report  and  comment  thereon,  and  on  any 
other  matters  of  which  notice  in  writing  had  been  previously  given 
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time  as  the  Council  shall  appoint.  Each  member  shall  have  the 
power  to  introduce  visitors  to  the  meetings,  on  entering  their 
names  in  a  book  to  be  kept  for  that  purpose. 

XV. — Ordinary  meetings  may  be  held  in  other  localities  than 
Manchester,  according  to  the  pleasure  of  the  Society,  to  be 
determined  at  a  previous  meeting. 

XVI. — Circulars  announcing  meetings  of  the  Society,  or  of  the 
Council,  shall  be  sent,  free  of  postage,  to  the  respective  members 
of  those  bodies,  at  least  three  days  before  such  meeting. 

XVII. — Special  general  meetings  may  be  summoned  by  the 
Council,  or  by  the  Secretaries,  on  the  requisition  in  vrriting,  of 
any  six  members  of  the  Society,  by  notice  delivered  free,  or  sent 
by  post,  pre-paid,  to  all  the  members  whose  addresses  are  known, 
not  less  than  one  week,  nor  more  than  a  fortnight,  before  any  such 


Till.  snssL 


meetings.  Such  notice  sbill  ftr^te  the  time  and  place  of  holding  the 
meeting,  and  the  spi*cifio  purpc^f*?*  f c»r  -which  it  is  conxened ;  and 
the  business  of  such  m«^e tinx  shiU  he  ivstricted  to  such  puipoaes. 

XVin. — At  the  hour  appointed  for  a  meeting  of  the  Society  or 
ConnciL  the  ohair  shiH  W  taken  br  the  President,  or  the  senior 
Vicie-Pivadent  pr^^itn:,  and  in  thtir  ab5»tnoe  the  meeting  shall, 
ptreviouslT  to  entt'ring  upon  anj  other  busineas,  elect  some  member 
present  to  l«  Chairman. 

XIX. — ^Ali  questions  discus«\i  at  acT  such  meeting,  except  as 
v:LK-»i5e  provided,  shall  be  dtxidi^  by  a  majc^rity  of  rotes ;  and 
if  "Tvot  iHT  q^iestion  the  Totes  shall  be  equal,  the  Chairman  of  the 

*rJz^  tLill  have  a  second  vote  as  a  casting  vote. 


^ 


XX- — y-j  onssjLe»  shall  bf  done  at  anv  such  oniinanr  or 
XLjf:^j:ZiZ  "Lil-est  whtn  five  membtrs  at  leaist  ar?  present,  except 
taa::  ts.T  - -.::iJi«=r  ci  mtniber  irhc»  may  be  px^^^'Ut,  not  being 
*AJ«  zha,  zw'j.  riiiy  adjo::m  the  nii-ttini:  to  a  future  day,  such 
v:y,*ijztr:fi  :ZiitzZiz^  to  I*  saiiin^ontU  in  the  same  manner  as  the 

X^-- — .^     Pr«r«iifcT:t.     four    Vic*-President&.    two    Honorary 

>:^'i^rJcrJ^f^,  KZxi  z  Treaszxrer.  ^^-^^^  be  elected  at  each  annual 
iip>.'^.jxr  wui  "Ij:  f'.rrgoing.  together  with  twelve  ordinary 
*wrv.->:??  V,  ->,  tz'^rjA  at  the  sanie  time,  diill  form  the  Council 
4  *c>,  iyr;>-T  ^i^I  ,1^m  i^^^  ^^e  management  of  it*  afhirs. 
*cx.<A"f,  M  ,*  '.-.vr^rn Iv:  provided  by  these  Rules :  and  at  the  same 
ttA/*^..tr  •,»-,  A  -..^JV;.-*  ^La!!  l^  tlt-.tel  for  the  year  ensuing.  These 
^^A^^%?u*  «ui.,  ->:  \j  l/allot-  In  addition  to  the  four  Tice- 
I'/^wC-ia*^  «.r.:'^:: 7  ^ijkfXfA,  the  Ex-Presidents  shaU  he  «  ftd 
4;|U</^   V^>^?*^U^r.f^  of  the  S-xietv. 

%■%,;.  Ktw-j  flr./rrr.r^^rT  wLo  has  been  for  six  months  a  member 
*A  *.f>.  >^/^:^.y^  w^  »,v>^  ^bscription  is  not  in  arrear,  shall  be 
*:i^^f^>,  v„  >.  <  ^.ff-fA  ict^  ^fS.'^r  or  member  of  the  CounciL 

XXIII. --Jr.  v^  *T*:T,t,  vf  any  vacancy  occurring  during  the 
yf*aa  k  ♦>>-,  vft/^^   or  Co-iL/;il,  the  same   shall  be  filled  up  by 


BULES.  IX. 

XXrV. — The  President  shall  not  be  eligible  for  that  office  for 
more  than  two  years  in  succession  ;  and  the  two  Vice-Presidents, 
and  the  four  members  of  the  Council  who  shall  have  attended  the 
meetings  of  Council  the  least  number  of  times,  shall  be  ineligible 
to  the  same  office  for  the  ensuing  year. 

XXV. — The  Council  shall  have  power  to  make  Bye-laws  and 
Begulations,  in  accordance  with  the  general  Ejiles  of  the  Society, 
to  appoint,  suspend,  or  dismiss  salaried  agents,  clerks,  or  servants ; 
to  purchase  and  collect  books,  maps,  models,  specimens,  and  other 
objects ;  to  provide  rooms  for  the  meetings  of  the  Society,  and  pay 
rent  for  the  same ;  and  to  purchase  furniture  or  other  articles  that 
they  deem  necessary  for  the  use  of  the  Society. 

XXTV. — The  Council  shall  meet  once  at  least  in  every  month, 
and  upon  such  other  occasions  as  they  may  deem  expedient. 
Special  meetings  of  the  Council  may  be  called  by  either  of  the 
Secretaries,  or  on  the  requisition  of  any  three  members  of  the 
Council,  of  which  number  the  officer  convening  such  meeting  may 
be  one ;  any  three  members  of  the  Council  present  at  a  meeting 
being  sufficient  to  constitute  a  quorum. 

XXVn. — A  minute  of  the  proceedings  of  all  meetings  shall  be 
entered  by  the  Secretaries  in  a  book  to  be  kept  for  that  purpose. 

XXVni. — The  Council  shall  decide  whether  a  paper  shall  be 
printed  in  the  Transactions  or  not,  and  if  they  do  not  unanimously 
agree  to  print  it,  or  reject  it,  they  may  refer  it  to  one  or  more 
members  of  the  Society,  to  report  upon  its  merits,  and,  in 
exceptional  cases,  refer  it  to  competent  persons  who  are  not 
members.  After  having  received  such  reports,  the  Council  shall 
decide  without  delay  whether  or  not  the  paper  is  to  be  printed. 
The  author  of  a  paper  shall  be  at  liberty  to  reserve  his  right  of 
property  therein,  and  shall  have  a  right  to  withdraw  it  from 
publication,  by  giving  timely  notice  to  the  Council. 

XXIX. — ^All  moneys,  the  Library,  and  all  chattels  of  the  Society, 
shall  be  held  by  the  President  and  Treasurer  for  the  time  being,  as 
legal  owners  thereof,  but  in  trust  for  the  Society,  and  under  the 


X.  SULBB. 

direction  of  the  Council,  and  all  investments  shall  be  made  in  the 
names  of  snch  members,  not  jbeing  less  than  two,  as  the  Society 
may  from  time  to  time  appoint. 

XXX. — All  the  funds  and  moneys  of  the  Society  shall  be 
applied  by  or  under  the  [direction  of  the  Council,  in  paying  the 
debts  and  demands  for  the  time  being  owing  by  the  Society,  and 
carrying  out* the  purposes  thereof  as  defined  in  the  preceding 
Bules ;  and  no  dividend,  gift,  division,  or  bonus  in  money  shall  at 
any  time,  or  under  any  circumstances,  be  made  unto  or  between 
the  members  of  the" Society  or  any  of  them. 

XXXI. — No  additional  rule,  nor  any  alteration  or  repeal  of  any 
existing  or  future  rule  or  rules  of  the  Society  shall  be  made, 
unless  with  the  consent  of  'three-fourths  in  number  of  such  of  the 
ordiDary  and  life  members  as  may  be  present  at  any  annual  or 
special  meeting ;  and  the  proposed  change  must  be  announced  by 
circular  to  the  members  whose  addresses  are  known,  at  least  three 
weeks  before  such  meeting. 

XXXII. — The  Society  shall  not  be  dissolved,  nor  shall  the 
Library  or  other  property  be  disposed  of,  unless  with  the  consent, 
in  writing,  of  three-fourths  of  such  of  the  ordinary  and  life 
members  as  may  be  present  at  each  of  two  successive  special 
general  meetings,  ^'duly  convened  by  public  advertisement  in  the 
Manchester  daily  newspapers,  and  'by  notice  sent  by  post  at  least 
one  calendar Jnonth  before  each^meeting,  to  all  members,  whose 
addresses  arc  known ;  such  meetings  to  be  held  at  an  interval  of 
not  less  than  two,  nor  more  than  four,  calendar  months. 


BYE-LAWS 

FOR 

REGULATION    OF    THE    LIBRARY. 


I. — ^No  Book,  Map,  or  document  shall  be  taken  from  the 
Library  without  the  same  being  first  entered  in  a  Register,  in 
such  manner  as  the  Council  shall  from  time  to  time  direct. 

II. — The  time  allowed  for  retaining  a  Book,  &c.,  shall  not 
exceed  one  calendar  month. 

m. — No  Member  shall  be  allowed  to  renew  a  Volume,  Map, 
&c.,  in  case  any  other  Member  shall  have  entered  his  name  as 
being  desirous  of  taking  out  the  same  on  its  return.  Such  Volume, 
Map,  &c.,  shall,  on  its  return  from  the  person  holding  the  same, 
be  entered  as  taken  out  by  the  Member  so  applying,  and  shall  not 
be  taken  away,  by  any  Member,  save  him  in  whose  name  it  is 
entered,  till  the  expiration  of  the  period  for  which  the  Member  in 
whose  name  it  is  entered  would  have  been  entitled  to  hold  the 
same.  At  which  period  the  said  Book,  &c.,  (in  case  the  same  shall 
not  have  been  taken  out  by  the  party  in  whose  name  it  is  entered 
on  the  Eegister,)  shall  be  marked  in  the  Register  as  returned. 

IV. — ^The  time  allowed  for  holding  shall,  in  every  case,  be 
computed  from  the  date  of  the  entry  in  the  Register. 

V. — Every  Member  shall  return  the  Books,  Maps,  and  documents 
belonging  to  the  Society  in  as  good  a  condition  as  when  they  were 
delivered  into  his  possession,  and  shall  be  answerable  for  the  same 
till  their  return  from  him,  to  the  Society,  is  correctly  entered  in 
the  Register. 

By  order  of  the  Council, 

JOHN  EDWARD  FORBES,  F.G.S.,  )    Honorakt 
JOHN  PLANT,  F.G.S.,  I  Secretabies. 


TRANSACTIONS 

07  THX 

MANCHESTER  GEOLOGICAL  SOCIETY.  . 


Pabt  I.  Vol.  XV.  Sessiok  1878-9. 


ANNUAL  MEETING. 


The  Annual  Meeting  of  the  Members  of  the  Society 
was  held  on  Tuesday,  the  29th  October,  in  the  Literary  and 
Philosophical  Society's  Rooms,  George  Street,  Manchester; 

Joseph  Dickinson,  Esq.,  F.G.S.,  President, 

in  the  Chair. 

Mr.  James  Ashworth,  56,  Upper  Duke  Street,  Southport; 
Mr.  Abel  Clayton,  Mining  Engineer,  11,  Chapel  Walks, 
Manchester;  Mr.  Simon  Nail,  Land  and  Mine  Surveyor, 
Newbold,  Rochdale;  Mr.  William  Nelson,  Colliery  Manager, 
Leigh,  Lancashire ;  Dr.  J.  Beswick  Perrin,  The  Homestead, 
Leigh,  Lancashire;  and  Mr.  James  Henry  Stephens,  Land 
and  Mine  Surveyor,  Leigh,  Lancashire,  were  elected  ordinary 
members  of  the  Society. 


Thejleport  of  the  Council  and  the  Treasurer's  Balance 
Sheet,  were  read  by  Mr.  J.  S.  Martin,  Honorary  Secretary. 

REPORT  OF  THE  COUNCIL  FOR  1877-8. 

Your  Council  have  pleasure  in  being  able  to  report  that 
the  Session  of  1877-8  has  been  a  prosperous  one.  The 
number  of  members  has  been  increased.     Interesting  and 


•  • 


important  papo^  have  been  read,  and  important  subjects 

•  •  • 

brought  before  the  meetings,  and  the  discussions  thereon 
well  matnfarined.     The  averaire  att^idance  of  members  has 
also  bc^xi'^satisfactory,  showing  an  increased  interest  in  the 
S^iety  and  the  subjects  brought  forward. 
.^  Serenteen  new  members  have  been  elected,  vix.: — 1  hon- 

•       •       • 

\^yitj  and   16  ordinary  members^  while  the  loss  has  been 

•••*^*,  viz. :  1  houorar}'  and  2  oidinary  members  deceased,  and  5 

•  

'/•  ordinary  members  resigned.  The  number  now  enrolled 
is  153,  viz. :  10  life  members,  17  honorary  members,  and 
126  ordinarv  members. 

Nine  meetings  have  been  held,  and  the  parts  of  the 
transactions  appertaining  thereto  have  been  distributed 
among  the  members  and  the  societies  with  which  publica- 
tions are  exchanged. 

The  f ujuds  of  the  Society  are  in  a  satisfactory  state,  the 
sum  of  £600  remains  invested  in  the  4  per  cent.  Guaranteed 
Stock  of  the  Birkenhead  Kailway.  The  outstanding  sub- 
scriptions, as  well  as  the  liabilities,  are  small  in  amount, 
as  will  be  seen  by  reference  to  the  Balance  Sheet 

The  Library  has  been  increased  by  the  addition  of  many 
valuable  works,  including  the  Transactions  and  Publications 
of  many  kindred  societies  in  Great  Britain  and  abroad  ;  but 
in  consequence  of  the  very  limited  space  available  in  the 
present  rooms,  it  is  impossible  that  they  can  all  be  available 
for  the  use  of  the  members.  Your  Council  regret  having 
been  so  far  unsuccesful  in  overcoming  this  difficulty,  but 
endeavours  are  being  made  to  provide  increased  conveniences. 

It  is  with  considerable  pleasure  that  your  Council  is  able 
to  announce  that  the  authorities  of  The  Owens  College  have 
opened  the  Geological  Museum  in  accordance  with  the 
Articles  of  Agreement,  by  which  they  became  possessed  of 
this  Society's  collection,  and  respecting  which,  they  were  in 
correspondence  at  this  time  last  year. 


i 

The  adyantages  thus  obtained  will  be  best  seen  by 
inserting  the  following  extract  from  the  "  Calendar  of  The 
Owens  College  "  for  the  Session  1878-9 : — 

"THE  MANCHESTER  MUSEUM,  OWENS  COLLEGE. 
'*  Curator,  W.  Boyd  Dawkins,  M.A.,  F.R.8.,  P.G.S.,  F.S.A. 

"The  Museum  contains,  in  addition  to  a  small  typical 
Collection  previously  the  property  of  the  College,  the  entire 
Collections  of  the  Manchester  Natural  History  Society  and 
of  the  Manchester  Geological  Society,  which  those  Societies 
transferred  to  the  College  on  its  removal  to  the  new  buildings 
in  Oxford  Road ;  and  also  the  complete  Mineralogical  and 
Metallurgical  Collections  of  the  late  David  Forbes,  Esq., 
F.R.S.,  arranged  and  classified  by  him.  The  Natural 
History  Collections  are  temporarily  arranged,  together  with 
the  College  Collection,  in  the  upper  story  of  the  new 
building  in  Oxford  Road. 

"  The  Zoological  series  is  arranged  for  the  use  of  students 
according  to  Professor  Huxley's  classification.  There  is  a 
small  Osteological  collection,  and  the  most  important 
zoological  points  are  noted  for  the  use  of  students  in  a  M.S. 
book  kept  in  the  Museum. 

"  The  Geological  collections  are  fully  arranged,  the  charac^ 
ieristic  fossils  being  distinguished  by  mounts  or  labels  of  a 
red  colour.  The  rock  specimens  and  groups  of  volcanic 
products  and  minerals  are  placed  in  illustration  of  the  most 
important  books  in  each  line  of  inquiry. 

"  Students  of  the  College  are  admitted  to  the  Museimi  on 
any  day  during  College  hours,  on  presenting  a  card  which 
th*ey  can  obtain  from  a  Professor  or  Lecturer,  and  on 
signing  their  names  each  time  in  the  Attendance  Book. 

"  Text-books  for  each  subject  are  kept  in  the  Museum  for 
reference,  and  the  students  wiU  be  assisted  in  their  study  of 
the  specimens. 


"  The  Geological  collections  are  open  to  the  Public  free  on 
Tuesdays,  Thursdays,  and  Saturdays,  from  10  a.m.  to  4  p.m., 
and  on  Saturday  evenings  from  6-30  to  9  p.m.  They  are 
further  open  to  students  on  "Wednesdays  and  Fridays,  from 
10  a.m.  to  4  p.m.,  and  on  Friday  evenings,  from  6-30  to 
9  p.m. 

"  The  Museum  is  closed  during  the  month  of  August,  and 
from  the  23rd  December  to  the  2nd  January  inclusive. 
Admission  free  and  without  ticket. 

"Students  and  Visitors  will  be  required  to  sign  their 
names  in  a  book  on  each  visit,  except  in  special  cases  to  be 
determined  by  the  Curator. 

"The  persons  who  were  lately  Governors  of  the  Man- 
chester Natural  History  Society,  and  the  members  of  the 
Manchester  Geological  Society  for  the  time  being,  have  free 
access  to  the  Museum  for  themselves  and  their  friends  on 
each  week  day  (Friday  excepted). 

"  The  admission  of  the  Public  to  the  Zoological  Museum 
is  necessarily  suspended  until  adequate  accommodation  is 
provided." 

In  accordance  with  a  motion  put  and  carried  at  one  of  the 
concluding  meetings  of  the  preceding  session,  the  Hon. 
Secretaries  issued  a  circular  to  the  members  requesting  them 
to  state  the  day  and  hour  which  would  be  most  convenient 
for  the  holding  of  the  Society's  meetings,  the  result  being  a 
large  majority,  of  those  who  replied,  in  favour  of  the  present 
arrangement. 

It  is  with  feelings  of  sorrow  that  your  Council  have  to 
announce  the  loss  by  death,  during  the  Session,  of  the 
following  esteemed  and  well-known  members :  Mr.  Thomas 
Livesey,  who  since  the  foundation  of  the  Society  has  been 
connected  with  it,  as  well  as  a  frequent  attendant  at  the 
meetings,  and  Mr.  John  Cross,  of  Wigan, — Ordinary  Mem- 
bers, and  Mr.  John  Thomas  Woodhouse,  F.G.S.,  M.Inst.C.£., 
Honorary  Member. 


H 
^ 


1-^ 

Q 
O 


flR) 


«oooo«o;o;o 


f-i  00  Oi  _   _ 
00  c« 


^  i-i  1-1     00  «     CD 


00 

^ 

*^ 

o 

00 

5 

00   P 

£   S 
I  9 


W  ^ 


I 


^  «  ©  ©  ©  »-i 
0  »0  00  c«  ©  t^ 


CiJ  ©  00  f-^  ^«"  !*• 

^    w    e^  « 


00 

© 

00 

«3 


9 

PQ  PQ  QQ  QQ 

O     a^     a^  a^     a^ 

^^     ^     a^  ^     ^ 


Pi 


QQ 


1 


6 


THE  FOLLOWING  PAPERS  AND  COMMUNICATIONS 

HAVE  BEEN  BROUGHT  BEFORE  THE  ORDINARY 

MEETINGS  DURING  THE  SESSION. 


1877. 
October.       Dawkins,  W.  Boyd,  F.R.S.,   "On  the  Antiquity  of 

Man." 

November.   Kinahan,  G.  H.,  M.R.I. A.,  **  On  Quartzyte  (Quartz- 
Schist),  Quartz-Rock  (Gressen)." 

December.    Dickinson,  Joseph,  F.G.8.,  (President),  **  On  the  Davy 

Lamp  and  Blasting  in  Mines." 

Johnson,   W.   H.,    **  On  the  Resources  and  Future 

Development  of  the  Coal  Fields  of  Europe." 
1878. 
January.       Pebbles  from  the  Coal. 

Hull,  Edward,  F.R.S.,  **  On  the  Occurrence  of  Brine 

in  the  New  Red  Sandstone  Strata  at  Warrington." 

Demmler,  A.,  **  On  Boring  Shafts,  &c.,  in  Westphalia." 

February.     Evans,  T.  F.,  "On  the  Mines  of  the  Parys  Mountain, 

Anglesea." 
March.         The  Spontaneous  Combustion  of  Coal. 

Discussion  on  Mr.   Evans's    Paper   **  On  the  Parys 

Mountain  Mines." 
De  Ranee,   C.  E.,   F.G.S.,    "On  the  Palaeozoic  and 

Secondary  Rocks  of  England,  as  a  source  of  Water 

Supply  for  Towns  and  Districts." 
April.  Discussion  on  Mr.   De  Ranee's  Paper,   read  at  the 

previous  Meeting. 
Grimshaw,  W.  J.,  F.G.S.,  "On  Sinking  of  Surface, 

owing  to  Working  of  Coal  Mines." 
May.  Waters,  A.  W.,  F.G.S.,  "  Remarks  on  some  Fenes- 

teUidae." 
Waters,  A.  W.,  F.G.8.,  "  On  Bryozoa  (Polyzoa)  from 

the  Pliocene  of  Bruccoli  (Sicily). 
Sutherland,  Alexander,  "On  Lighting  Shots  in  Mines." 

Letter  from  Major  Ford. 

• 

June.  Letter  from  Mr.  E.  W.  Binney,  F.R.S. 

Wild,  George,  "  On  Explosions  in  Mines." 


The  Beport  and  Balance  Sheet  were  unanimously  adopted 
and  ordered  to  be  printed. 

The  following  gentlemen  were  then  proposed  and  seconded, 
and  declared  duly  elected  as  Officers  and  Members  of  the 
Council  for  the  ensuing  year: — 

^rtsibtnt : 
JOHN  EDWARD  FORBES,  F.G.S. 

Vitt'^xnibtntB ; 

THOMAS  BROOKS. 

R.  D.  DARBISHIRE,  F.G.S. 

Right  Hon.  The  EARL  OF  DERBY,  K.G. 

Sib  U.  J.  KAY -SHUTTLE  WORTH,  Bakt.,  M.P. 

6f-0ffido  Vict-'j^xnibttdB : 


JAMES  HEYWOOD,  F.R.S. 
G.  W.  ORMEROD,  F.G.S. 
E.  W.  BINNEY,  F.R.S. 
JOSEPH  DICKINSON,  F.G.S. 
ANDREW  KNOWLES. 


G.  C.  GREENWELL,  F.G.S. 
JOHN  AITKEN. 
JOHN  KNOWLES,  M.InstC.E. 
THOMAS  KNOWLES,  M.P. 
W.  BOYD  DAWKINS,  F.R.S. 


R.  CLIFFORD  SMITH,  F.G.S. 

HENRY  MERE  ORMEROD.  F.G.S. 

Sitattmtn : 
JOSEPH  S.  MARTIN,  F.G.S.    I    W.  J.  GRIMSHAW,  F.G.S. 


9i)jltx  Spftmbtrs  of  tift  tounai : 


W.  H.  CHADWICK. 
RALPH  FLETCHER,  Junr. 
G.  C.  GREENWELL,  Junr. 
JOHN  HIGSON,  F.G.S. 
CHARLES  HARDWICK. 
PETER  PICKUP,  F.G.S. 


EDWARD  PILKINGTON. 
J.  F.  SEDDON. 
W.  SMETHURST,  F.G.S. 
PETER  SPENCE,  F.G.S. 
A.  W.  WATERS,  F.G.S. 
GEORGE  WILD. 


^nbttors: 
JOHN  HEELIS.         |         CLEGG  LIVESEY. 

In  acknowledging  a  vote  of  thanks  to  him  as  retiring  Presi- 
dent, Mr.  Dickinson  said  that  he  felt  a  warm  interest  in  the 
Society,  and  that  he  not  only  considered  it  a  pleasure  to  aid  it, 
but  that  he  was  also  farthering  his  public  duty  by  so  doing. 


NEW  ORDINARY  MEMBERS. 


Adamson,  D.,  F.G.S. 
Arthur,  David. 
Atherton,  James. 
Cooke,  Charles. 
Cowburn,  Henry. 
Evans,  T.  F. 
Jackson,  Lewis. 
Livesey,  Thomas,  Junr. 
Ogden,  Samuel. 


Peace,  Maskell  W.,  F.G.S. 
Robins,  George. 
Shuttleworth,  Sir  XT.  J.  Kay, 

Bart.,  M.P. 
Smallshaw  James. 
Smith,  Richard. 
Wheeler,  Harold  George. 
Wild,  Joseph. 


NEW  HONORARY  MEMBER. 


C.  E.  De  Ranee,  F.G.S. 


MEMBERS  DECEASED. 


Ordinary  Members. 


John  Cross. 
Thomas  Livesey. 

John  Thomas  Woodhouse,  F.G.S.,  Hon.  Member. 


MEMBERjS  RESIGNED. 


A.  A.  Diggle. 

R.  A.  Eskrigge,  F.G.S. 


W.  H.  Johnson,  B.Sc. 
Kay  Knowles. 


Joseph  Thomson,  F.G.S. 
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LIST    OF    MEMBERS, 

NOYEKBEB,    1878. 


The  Names  of  Honorary  Members  are  printed  in  Italics. 
*  Members  who  have  compounded  for  the  Annual  Subscription. 


YemroT 
Election. 


1877 
1874 
1863 
1862 
1877 
1865 
1878 
1864 
1877 

1866 
1875 
1876 
1875 
1858 

1877 
1862 
1838 

1867 
1877 
1877 

1861 
1859 
1862 


Adamson,  Daniel,  F.G.8.,  The  Towers,  Didsbmy. 
Agasnt,  ^^^am^r, Cambridge,  Massachussetts,  U.S.A. 
Aitken,  John,  Sandfield,  Urmston.     ^x-Pretident 
Alcock,  Thomas,  M.D.,  Oak  Field,  Ashton-on-Mersey. 
Aithur,  David,  Baxenden  Collieries,  near  Accrington. 
Ashworth,  Edward,  Stagg  Hills,  Waterfoot,  near  Manchester. 
Ashworth,  James,  56,  Upper  Duke  Street,  Southport. 
Ashwortli,  John,  Bose  Hill,  Turton,  near  Bolton. 
Atherton,  James,  16,  Acresfield,  Bolton. 

Bamford,  J.  B.,  Mining  Engineer,  Bochdale. 

Bangay,  Dr.  Bichard,  Cheadle,  Cheshire. 

Barnes,  B.  J.,  Birley  Collieries,  near  Sheffield. 

Barrett,  W.  S.,  New  Hall,  41,  Old  Hall  Street,  Liverpool. 

Bazley,  Sir  Thomas,  Bart.,  M.P.,  Eyford  Park,  Stow-on- 
the-Wold,  Oloucestershire. 

Beswick,  James,  Little  Hulton,  near  Bolton. 

Beswicke,  William,  Balgay  Terrace,  Bochdale. 

Binney,  E.W.,  F.B.S.,  F.G.S.,  55,  Peter  Street,  Man- 
chester.    Ex'PreaidmL 

Bolton,  H.  H.,  Newchnrch,  near  Manchester. 

Broeek,  Ernest  Fanden,  124,  Bue  Terre  Neuve,  Bmsseils. 

Brongniart,  CharUs,  Museum  d'Histoire  Naturelle,  57,  Bue 
Cuvier,  Paris. 

Brooks,  Thomas,  Crawshaw  Hall,  Bawtenstall. 

Bryham,  William,  Bose  Bridge  Colliery,  Wigan. 

^Buccleucli,  His  Qiace  the  Duke  of,  Whitehall  Qaidens, 
London,  8.W. 
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Year  of 
Blectinn. 


1875 
1874 

1876 
1878 
1878 
1859 

1878 
1874 

1862 
1860 
1876 

1860 

1869 

1877 

1862 
1877 
1856 

1859 

1877 
1852 

1838 

1838 
1838 


Burrows,  Abraham,  Atherton  Collieries,  near  Manchester. 
Byrom,  W.  A.,  F.G.S.,  31,  King  Street,  Wigan. 

Chadwick,  W.  H.,  Bank  Collieries,  Little  Hulton,  Bolton. 
Clayton  Abel,  11,  Chapel  Walks,  Manchester. 
Cooke,  Charles,  Moston  Colliery,  Failsworth. 
♦Coulthard,  J.  Boss,  F.R.8.L.,  Croft  House,  Ashton-under- 

Lyne. 
Oowbum,  Henry,  West  Leigh,  near  Manchester. 
Crofton,  Rev.  A.,  M.A.,  The  Parsonage,  Reddish  Green, 

Stockport. 
Cross,  John,  78,  Cross  Street,  Manchester. 
Crowther,  Samuel,  Bradford  Estate  Offices,  Bolton. 
Cunliffe,  P.  G.,  The  Elms,  Handforth,  near  Manchester. 

Darbishire,  R.  D.,  B.A.,  F.G.S.,  26,  George  Street,  Man- 
chester. 

Dawkins,  Professor  W.  Boyd,  M.A.,  F.R.S.,  The  Owens 
College,  Manchester.     Ex-PrmdenL 

De  Ranee,  C.JS,,  F.G.S.,  Geological  Survey,  Jermyn  Street, 
London,  S.W. 

♦Derby,  The  Right  Hon.  the  Earl  of,  Knowsley. 

Deny,  Jos,  Sneyd  Colliery,  Burslem. 

Dickinson,  Joseph,  F.G.S..  H.M.  Lispector  of  Mines, 
South  Bank,  Pendleton.     Ex-President. 

Diggle,  James,  West  Leigh  Collieries,  Leigh. 

Edmondson,  Thomas,  Cliviger  Collieries,  near  Burnley. 
Egerton,  The  Hon.  Algernon,  M.P.,  Worsley  Hall,  near 

Manchester. 
♦Egerton,  Sir  Philip  de  Malpas  Grey,  Bart.,  M.P.,  F.R.8., 

Oulton  Park,  Tarporley.     Ex- President. 
Emhletony  T.  W.,  The  Cedars,  Methley,  Leeds. 
Enniskellen  Earl  ofy  F.R.S.,  Florence  Court,  Fermanagh. 
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Yenr  of 
Btoction. 


1878  Evans,  T.  F.,  H.M.  Inspector  of  Mines,  Amlwch,  Anglesea 

1865  Evans,  Walter,  Longsight,  Oldham. 

1863  Farrer,  James,  12,  Market  Street,  Bury. 

1873  Fletcher,  Herbert,  The  Hollins,  Bolton. 

1875  Fletcher,  Ralph,  jun.,  Atherton  Collieries,  near  Manchester. 

1868  Fletcher,  Thomas,  Hanlgh,  Bolton. 

1857  Forbes,  John  Edward,  F.G.S.,  2,  Shrubland  View,  Hoole, 
Chester.     President 


1873  Garforth,  W.  E.,  Lord's  Field  Colliery,  Ashton-under-Lyne. 

1874  Oeikie,   Archibald,  LL.D.,  F.B.S.,  Ramsay  Lodge,   Edin- 
burgh. 

1858     Gerard,  Lord,  of  Bryn,  Garswood,  Newton-le- Willows. 
1856     Gilroy,  George,  M.  Inst.  C.E.,  Hindley  Hall,  Wigan. 
1877     Goodwin,  George,  Broomstair  Colliery,  Denton. 
1852     Greg,   Robert  Phillips,  F.G.S.,    Coles  Park,  Buntingford, 
Herts. 

1863  Greenwell,  G.  C,  F.G.8.,  8,  Prior  Terrace,  Tynemouth, 
^'President 

1874     Greenwell,  G.  C,  junr.,  Poynton,  near  Stockport. 

1864  Grimshaw,  W.  J.,  F.G.S.,  Stand,  Whitefield,  near  Man- 

chester.    Hon,  Secretary. 
1877     Grundy,  H.  T.,  Radcliffe. 
1877     Grundy,  Joseph,  Radcliffe. 

1838  Hadfield,  George,  24,  Fountain  Street,  Manchester. 

1866  Hall,  John,  Balderstone,  Walmersley. 

1864  Hall,  Robert,  Hope  Foundry,  Bury. 

1877  Handsley,  Robert,  Burnley  Colliery  Offices,  Burnley. 

1861  Harbottle,  W.  H.,  Orrell  Colliery,  near  Wigan. 

1864  Hardwick,  C,  72,  Talbot  Street,  Moss  Side,  Manchester. 

1874  HawkiMy  B.  TF.,  F.G.S.,  Century  aub,  East  15th  Street, 
New  York,  U.S.A. 


*• 


important  papitrs  have  beeu  read,  and  important  subjects 

brought  before  the  meetings,  and  the  discussions  thereon 

well  maln^idfned.     The  average  attendance  of  members  has 

also  bef^ii'isatisfactory,  showing  an  increased  interest  in  the 

S©piety  and  the  subjects  brought  forward. 

.  Seventeen  new  members  have  been  elected,  viz. : — 1  hon- 

•'p>aiy  and   16   ordinary  members,  while  the  loss  has  been 

•••'•S*,  viz.:  1  honorary  and  2  ordinary  members  deceased,  and  5 

V*  ordinary  members   resigned.     The  number  now   enrolled 

is  153,  viz. :    10  life  members,  17  honorary  members,  and 

126  ordinary  members. 

Nine  meetings  have  been  held,  and  the  parts  of  the 
transactions  appertaining  thereto  have  been  distributed 
among  the  members  and  the  societies  with  which  publica- 
tions are  exchanged. 

The  f ujids  of  the  Society  are  in  a  satisfactory  state,  the 
sum  of  £600  remains  invested  in  the  4  per  cent.  Guaranteed 
Stock  of  the  Birkenhead  Railway.  The  outstanding  sub- 
scriptions, as  well  as  the  liabilities,  are  small  in  amount, 
as  wiU  be  seen  by  reference  to  the  Balance  Sheet. 

The  Library  has  been  increased  by  the  addition  of  many 
valuable  works,  including  the  Transactions  and  Publications 
of  many  kindred  societies  in  Great  Britain  and  abroad  ;  but 
in  consequence  of  the  very  limited  space  available  in  the 
present  rooms,  it  is  impossible  that  they  can  all  be  available 
for  the  use  of  the  members.  Your  Council  regret  having 
been  so  far  unsuccesful  in  overcoming  this  difficulty,  but 
endeavours  are  being  made  to  provide  increased  conveniences. 

It  is  with  considerable  pleasure  that  your  Council  is  able 
to  announce  that  the  authorities  of  The  Owens  College  have 
opened  the  Geological  Museum  in  accordance  with  the 
Articles  of  Agreement,  by  which  they  became  possessed  of 
this  Society's  collection,  and  respecting  which,  they  were  in 
correspondence  at  this  time  last  year. 
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The  advantages  tliiis  obtained  will  be  best  seen  by 
inserting  tbe  following  extract  from  the  "  Calendar  of  The 
Owens  College  "  for  the  Session  1878-9 : — 

"THE  MANCHESTER  MUSEUM,  OWENS  COLLEGE. 
"  Curator,  W.  Boyd  Dawkins,  M.A.,  F.R.8.,  P.G.S.,  P.S.A. 

"  The  Museum  contains,  in  addition  to  a  small  typical 
Collection  previously  the  property  of  the  College,  the  entire 
Collections  of  the  Manchester  Natural  History  Society  and 
of  the  Manchester  Geological  Society,  which  those  Societies 
transferred  to  the  College  on  its  removal  to  the  new  buildings 
in  Oxford  Road ;  and  also  the  complete  Mineralogical  and 
Metallurgical  Collections  of  the  late  David  Forbes,  Esq., 
F.R.S.,  arranged  and  classified  by  him.  The  Natural 
BGstory  Collections  are  temporarily  arranged,  together  with 
the  College  Collection,  in  the  upper  story  of  the  new 
building  in  Oxford  Road. 

"  The  Zoological  series  is  arranged  for  the  use  of  students 
according  to  Professor  Huxley's  classification.  There  is  a 
small  Osteological  collection,  and  the  most  important 
zoological  points  are  noted  for  the  use  of  students  in  a  M.S. 
book  kept  in  the  Museum. 

"  The  Geological  collections  are  fully  arranged,  the  charac^ 
teriatic  fossils  being  distinguished  by  mounts  or  labels  of  a 
red  colour.  The  rock  specimens  and  groups  of  volcanic 
products  and  minerals  are  placed  in  illustration  of  the  most 
important  books  in  each  line  of  inquiry. 

''  Students  of  the  College  are  admitted  to  the  Museum  on 
any  day  during  College  hours,  on  presenting  a  card  which 
th'ey  can  obtain  from  a  Professor  or  Lecturer,  and  on 
signing  their  names  each  time  in  the  Attendance  Book. 

"  Text-books  for  each  subject  are  kept  in  the  Museimi  for 
reference,  and  the  students  will  be  assisted  in  their  studv  of 
the  specimens. 


"  The  Geological  collections  are  open  to  the  Public  free  on 
Tuesdays,  Thursdays,  and  Saturdays,  from  10  a.m.  to  4  p.m., 
and  on  Saturday  evenings  from  6-30  to  9  p.m.  They  are 
further  open  to  students  on  "Wednesdays  and  Fridays,  from 
10  a.m.  to  4  p.m.,  and  on  Friday  evenings,  from  6-30  to 
9  p.m. 

''  The  Museum  is  closed  during  the  month  of  August,  and 
from  the  23rd  December  to  the  2nd  January  inclusive. 
Admission  free  and  without  ticket. 

"Students  and  Visitors  will  be  required  to  sign  their 
names  in  a  book  on  each  visit,  except  in  special  cases  to  be 
determined  by  the  Curator. 

"The  persons  who  were  lately  Governors  of  the  Man- 
chester Natural  History  Society,  and  the  members  of  the 
Manchester  Geological  Society  for  the  time  being,  have  free 
access  to  the  Museum  for  themselves  and  their  friends  on 
each  week  day  (Friday  excepted). 

"  The  admission  of  the  Public  to  the  Zoological  Museum 
is  necessarily  suspended  until  adequate  accommodation  is 
provided." 

In  accordance  with  a  motion  put  and  carried  at  one  of  the 
concluding  meetings  of  the  preceding  session,  the  Hon. 
Secretaries  issued  a  circular  to  the  members  requesting  them 
to  state  the  day  and  hour  which  would  be  most  convenient 
for  the  holding  of  the  Society's  meetings,  the  result  being  a 
large  majority,  of  those  who  replied,  in  favour  of  the  present 
arrangement. 

It  is  with  feelings  of  sorrow  that  your  Council  have  to 
announce  the  loss  by  death,  during  the  Session,  of  the 
following  esteemed  and  well-known  members :  Mr.  Thomas 
Livesey,  who  since  the  foundation  of  the  Society  has  been 
connected  with  it,  as  well  as  a  frequent  attendant  at  the 
meetings,  and  Mr.  John  Cross,  of  Wigan, — Ordinary  Mem- 
bers, and  Mr.  John  Thomas  Woodhouse,  F.G.S.,  M.Inst. C.E., 
Honorary  Member. 
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Mr.  Smith  said  that  from  liis  ezperienoe^  props  ought  to 
be  set  at  right  angles  to  the  inclination ;  it  was  a  thing  he 
had  insisted  on  for  more  than  20  years.  He  remeaoibered 
once  going  to  a  working  place  and  asking  an  aged  miner 
why  he  did  not  do  so,  and  after  a  long  while  he  said  it  was 
on  account  of  being  easier  to  knock  them  out ;  and  that  he 
thought  if  colliers  were  canvassed  they  would  generally  giye 
the  same  reason.  He  thought  every  practical  miner  must 
have  found  that  a  prop  set  at  right  angles  would  bear  the 
greatest  weight.  He  believed  that  thousands  of  props  had 
been  lost  and  scores  of  places  brought  in  through  props  not 
being  set  at  right  angles  to  the  inclination  of  the  seam. 

Mr.  Dickinson  thought  tiiiere  was  something  more  than 
drawing  the  props  which  induced  colliers  not  to  set  the 
props  at  right  angles  to  the  inclination  of  the  strata.  They 
were  so  set  when  the  men  themselves  did  not  draw  the 
props.  This  fact  must  be  borne  in  mind:  gravity  acts  per- 
pendicularly, and  if  in  a  seam  dipping  one  in  three,  the 
prop  is  set  at  right  angles  to  it,  it  is  not  in  the  best  position 
for  resisting  gravity.  That  was  one  of  the  points  which  he 
understood  was  sometimes  put  in  the  examinations  of 
colliery  managers  and  others.  He  had  known  various 
answers  given  to  the  same  question. 

Mr.  Badcliffe  thought  that  if  set  slack  in  steep  measures, 
a  prop  ought  to  be  left  short  of  its  set;  but  to  be  set  pro* 
perly,  in  his  opinion,  a  prop  ought  to  be  well  rung  up,  and 
at  right  angles  to  the  seam. 

Mr.  Seddon  agreed  with  the  Chairman  that  in  steep 
measures  the  greatest  pressure  from  above  was  exerted  in  a 
line  half  way  between  right  angles  to  the  inclination  of  the 
strata,  and  vertical.  He  had  always  understood  the  reason 
for  setting  timber  with  the  thick  end  up  to  be  because  it 
presented  a  greater  bearing  surface  to  the  roof.  He  had 
heard  that  a  solution  of  tungstate  of  soda  applied  to  timber, 
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as  well  at  brattioe  doth,  had  a  great  effect  in  rendering  it 
non-inflammabla  He  liad  been  educated  in  the  belief  that 
only  three  sorts  of  timber  should  be  used  about  a  colliery, 
Tiz.,  oaky  larch,  and  pitch  pine. 

Mr.  B.  Flbtcheb,  jun.,  said  he  was  surprised  to  find  on 
taking  down  a  headgear  lately  at  their  collieries  that  the 
pitch  pine  of  which  it  was  constructed  was  as  good  and  sound 
as  when  it  was  put  up  26  years  ago.  It  had  only  had  one 
coat  of  paint. 

Mr.  Dickinson  did  not  consider  the  difficulties  referred 
to  by  the  writer  of  the  paper  as  to  dealing  with  large 
cayities  in  the  roof  insurmountable.  If  the  timber  was  left 
naked  they  could  throw  the  air  up  by  means  of  sheeting ; 
and  if  they  had  a  thin  material  to  prevent  the  timbering 
from  being  broken  they  should  keep  the  end  open,  and  just 
throw  sufficient  air  over  the  top  to  prevent  gas  from 
accumulating. 

Mr.  Sbddon  would  be  glad  to  hear  the  Chairman's  views 
as  to  whether  it  was  best  to  place  a  lot  of  packing  upon  the  top 
of  the  bars,  and  cover  it  with  debris,  or  leave  the  timbers 
open  and  drive  air  into  the  cavity  by  sheets,  and  so  sweep 
any  gas  out  P 

Mr.  Dickinson  said  there  were  other  reasons  besides  those 
stated  in  the  paper  why  the  timbers  should  be  covered.  For 
instance,  in  such  a  place  as  Mr.  Grimshaw  had  described, 
where  the  roof  is  much  fallen  it  would  not  be  safe  to  leave 
the  places  between  the  couplings  open  because  there  were 
generally  loose  stones  which  would  drop  down  on  people 
passing.  Therefore  some  stowing  on  the  top,  if  even  not 
stowed  tight,  was  essential  not  only  to  guard  against  the 
breaking  of  the  timber  but  also  to  prevent  stones  falling 
upon  passers  by.  Unless  the  place  was  very  high  it  was 
often  best  to  stow  it  tight — stow  it  full, — and  then  there  was 
no  place  where  the  gas  could  accumulate. 
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PAST  PEES1DENT8  OF  THE  SOCIETY. 


Year  of 
Slection. 

Egerton,  The  Rt.  Hon.  Francis,  M.P. 

1838-9-40 

1841-2-3 

Heywood,  James,  F.R.S.,  F.G.S. 

1843-4-5 

Egerton,  Sir  Philip  de  Malpas  Grey-, 

Bart.,  M.P. 

1845-6-7 

Mosley,  Sir  Oswald,  Bart. 

1847-8-9 

• 

Thicknesse,  Ralph,  M.P.,  Wigan. 

1849-50-1 

Heywood,  James,  M.P.,  F.R.8. 

1851-2-3 

Black,  James,  M.D.,  F.G.S. 

1853-4-5 

Ormerod,  G.  W.,  M.A.,  F.G.S. 

1855-6-7 

Egerton,  Sir  Philip  de  Malpas  Grey-, 

Bart.,  F.G.S. 

1857-8-9 

Binney,  E.  W.,  F.R.S.,  F.G.S. 

1859-60-1 

Kay-Shuttleworth,  Sir  J.  P.,  Bart.,  M.P. 

1861-2-3 

Dickinson,  Joseph,  F.G.S. 

1863-4-5 

Knowles,  Andrew. 

1865-6-7 

BiTiney,  E.  W.,  F.R.S.,  F.G.S. 

1867-8-9 

GreenweU,  G.  C,  F.G.S. 

1869-70-1 

Aitken,  John,  F.G.S. 

1871-2-3 

Knowles,  John,  M.  Inst.  C.E. 

1878-4 

"Knowles,  Thomas,  M.P. 

1874-5 

Dawkins,  Professor  W.  Boyd,  F.R.S., 

,  F.G.S. 

1875-6 

Smith,  R.  Clifford,  F.G.S. 

1876-7 

Dawkins,  Professor  W.  Boyd,  F.R.S. 

,  F.G.S. 

1877-8 

Dickinson,  Joseph,  F.G.S. 
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PRESENTATIONS  TO  THE  LIBRARY,   1877-78. 


Barrow  Naturalists'  Field  Club. — Transactions.   Vol.  1,  2.    1876-8. 
Belfast  Natural  History  and  Fhilosopliical  Society. — Proceedings. 

1876-7.    From  the  Society. 
Bristol  Naturalists  Society. — Proceedings.  Vol.2.  Parti.    1877-8. 
Cornwall  and  Deyon. — Reports  and  Proceedings  of  the  Miners' 

Association.     1871-2-3-4-5,  and  7. 
Cornwall. — Royal  Institution  Journal.     No.  19.     1877. 
Geological  and  Polytechnic  Society  of  the  West  Riding  of  York- 
shire.— Proceedings.     Part  4.     1877.     From  the  Society. 
Glasgow  Geological  Society. — Transactions.   VoL5.  Part  2.   1877. 
Glasgow  Natural  History  Society. — ^Proceedings.    Vol.  3.    Parts  2 

and  3.     1877.    From  the  Society. 
Ireland. — Journal  of    the  Royal    Geological    Society.      Vol,   3. 

Parts  2,  3,  4.     1877-8. 
Leeds  Philosophical  and  Literary  Society. — ^Address  by  the  Arch- 
bishop of  York,  1877.    From  the  Council. 
Leicester  Literary  and  Philosophical  Society. — Transactions.    1845 

to  1850.    From  the  Council. 
Liyerpool  Geological  Society. — Proceedings.     Part  3.     Vol.   3. 

1877.     From  the  Society. 
London  Geological  Society. — Quarterly  Journal.    Nos.  132  to  136, 

and  Abstracts  of  Proceediags  for  the  Session  1877-8.    From 

the  Society. 
London  Geologists'  Association. — Proceedings.    Nos.  3,  4,  5,  6. 

Vol.  5.     1877-8.    Annual  Report,  1877.     From  the  CounciL 
Midland  Institute  of  Engineers.— Complete  Set  of  Transactions  to 

October,  1878.    Parts  1-45. 
Oxford  TTniyersity. — Supplementary  Catalogue  of  Books  on  Natural 

Science  added  to  the  RadcMe  Library,  in  1877.    Per  Dr.  H. 

M.  Ackland,  Librarian. 
Royal  Institution  of  Great  Britain. — ^Proceedings.    VoL  VIL  and 

and  VoL  VIII.    Parts  1-8.    Nos.  64-68. 
South  Staffordshire  and  East  Worcestershire  Institute  of  Mining 

Engineers. — ^Transactions.    N.S.    VoL  1,  3.    1875-6. 
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South   Wales   Institute   of   Engineers. — Proceedings.      Vol.    10. 

Parts  6  and  7.     Vol.  11.    Parts  1,  2,  3,  4,  5.    1876-7.     From 

the  Institute. 
The  Owens  College  Calendar.    Session  1878-9.    From  the  Council. 
Transactions  of  the  North  of  England  Institute  of  Mining  and 

Mechanical  Engineers.     Part  6.    Vol.  27.     Vol.  28.     1877-8. 

From  the  Council. 
Watford  Natural  History  Society. — Transactions.     VoL  1.     Parts 

6  to  10.     Vol.  2.     Part  1.     1877-8. 

Books  Pbesented  by  the  Attthobs. 

Dawkins,  W.  B.,  F.R.8. — Record  of  the  Sub-Wealden  Exploration. 
De  Bance,  C.E.,  F.G.S. — Superficial  Geology  of  the  Country  ad- 
joining the  Coasts  of  S.E.  Lancashire.     1877. 
Dickinson,  Joseph,  F.G.S. — Report  on  the  Home  Farm  Inundation 

in  June,  1877. 

Report  on  the  Blantyre  Explosion  in  October,  1877,  with 

Mr.  Dickinson's  Notes. 

Reports  on  the  Inspection  of  Mines  in  North  and  East 

Lancashire,  for  1877,  by  J.  Dickinson,  H.  M.  Inspector  of 

Mines. 
Harrison,  W.  J. — Geology  of  Leicestershire  and  Rutland.     1877. 
Hull,  Edward,  M.A.,  F.R.S. — The  Physical  Geology  and  Geography 

of  Ireland.     1878. 
Kinahan,  G.  H.,  M.R.I.  A. — Manual  of  the  Geology  of  Ireland.   1878. 
Ricketts,  C,  M.D.,  F.G.S. — ^The  condition  existing  during  the 

Glacial  Period,     pp.29.     1878. 

AimsruAL  Repobts,  fbom  the  Comxittees. 

Birmingham  Free  Library,  1877. 

Chester  Society  of  Natural  Science,  1877-8. 

Deyon  and  Exeter  Free  Library,  1877-8. 

Dundee  Ftee  Library,  1877. 

Geologists'  Association,  1877. 

Leeds  ITaturalists'  Club  and  Scientific  Association,  1876-7-8. 

Manchester  Scientific  Students'  Association,  1877. 

Mancheeter  Field  Naturalists'  Society,  1877. 
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Royal  Institution  of  Cornwall,  1878. 
Salfoid  Royal  Museum,  Library,  and  Parks,  1876-7. 
WarwickshiiG  Natural  History  Society,  1878. 
Warwickshire  Naturalists'  Field  Club,  1877. 

Amebica. 

Agassiz,  Alexander. — Museum  of  Comparatiye  Zoology,  Cambridge, 
U.S.A. 

Bulletin.     Vols.  4,  5,  and  Nos.  1-6.     Vol.  6. 
Chamberlain,  T.  C. — Geology  of  Wisconsin.  Survey  1873-7.  Vol.  11. 
Cones,  Elliott. — Fur  Bearing  Animals,  1877. 
Connecticut  Academy. — Transactions.    Vol.  3.   Part  2.     Vol.  4. 

Parti. 
Hayden,  F.  V.— Bibliography  of  North  American  Invertebrate 
Paleontology.     1878. 

Bulletin  of  the  TJ.  S.  Survey  of  the  Territories.     Vol.  7. 
1878. 

Bulletin  of  the  TJ.  S.  Entomological  Commission.   Illustra- 
tions of  Cretaceous  and  Tertiary  Plants.     1878. 

Bulletin  of  the  TJ.  S.  Geological  and  Geographical  Survey. 
1674-5,  1875-6,  1876-7. 

Ninth  Annual  Report,  1875. 
Preliminary  Report  of  the  Field  Work  in  1877. 
Map,  showing  the  Triangulations  of  1877. 
Geological  and  Geographical  Survey  of  Colorada. 
Selwyn,  A.  R.  C,  F.G.S. — Geological  Survey  of  Canada.    Report 

of  Progress  for  1877. 
Smithsonian  Institution,  U.S.A. — ^Annual  Report  for  1876.    From 

the  Council. 
Transactions  of  the  American  Institute  of    Mining  Engineers. 
VoL  5.     1876-7.    From  the  Council. 

AXJSTBALIA. 

Catalogue  of  the  Free  Public  Library,  Sydney,  New  South  Wales. 

From  the  Royal  Society,  Sydney,  N.S.W. 
Journal  and  Proceedings  of  the  Royal  Society  of  New  South  Wales. 

Vol.  10.     1876. 


JO 

Progrtss  una  Ersources  uf  Xev  South  Wales. 

Report  of  the  Mining  DepaztoMBt  of  5ev  Sooth  ITtki.     1876. 

The  Climate  of  5ew  Sonth  Wales. 

Ctoadiaa  JonnaL    VqL  XT.    Koa.  1.  2,  8,  4,  7,  and  8.    1876^. 


SociM  lialacologiqne  de  Belgiqne.     Aniialf.    Tome  XL    1876. 

From  the  Society. 

Proc^s-Veitaox  des  Seaaces.     Tome  YI.     1877.    Pp. 

L-cx. 
H.  Accadamica  dei  Lincei     Trannmtis.     Tol.  11.     Faao.   4^. 

1877^. 
Societa  Toscana  di  Scienze  XaturalL     Atti.     VoL  m.     Fasc.  1. 

1877.     From  the  Society. 
Broeck,  Ernest  Vanden. — Sor  Talt^ration  dearoches  quateznairea 

des  enyirons  de  Paris  par  les  Agents  AtmoephSriquea. 
Brongniart,  Charles. — Sur  la  decouyerte  d'un  Orthopt^re  Comenr 

de  la  famille  des  Fhasmiens  dans  les  Terrains  Snpra-HouillerB 

de  Commentry  (Allier).     (Protophasma  Bumaaii.) 

Sur  un  Xouyeau  Genre  d'orthoptere  Fosole  de  la  &mille 

des  Fhasmiens  dans  les  Terrains  Supra-Houillers  de  Com- 
mentry (Allier).     (Protophasma  Dnmasii.) 
Bulletin  Society  Vaudoise  des'  Sciences  Naturelles. — Sur  Quelqaea 

Dipteres  Tertiaires.    ToL  XTV.   Nos.  79,  80.    1877-8.  From 

the  Society. 
Soci6te  G6ologique  du  Nord.    Lille.     Annales.     Tome  IV.     1877. 

From  the  Society. 
Verein    fur    Erdkunde    zu    Halle,   yS.,    Mittheilungen.      1878. 

From  the  Society. 
Naturwisscnschaftlichen  Gesellschaft  Isis  in  Dresden. — Sitzunga- 

bcrichte.     Parts  7-12.     1877.     From  the  Society. 
Naturf orschenden    Gesellschaft   zu    Leipzig.  —  Sitzungsherichte. 

Jahrgang  4.     Parts  2-10.     1877.     From  the  Society. 
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BOOKS  PUECHA8ED,  1877-S. 

Geological  Magazine.     1878. 

Geological  Record  for  1876. 

Geology  of  tlie  Country  around  Blackpool,  Poulton,  and;  Fleet- 
wood; also  the  Geology  around  Southport,  and  between 
Liverpool  and  Southport.    By  C.  £.  De  Bance,  F.G.S. 

Mining  Machinery.    By  G.  G.  Andre.     2  vols.,  ryl.     1877-8. 

Mont  Blanc.    E.  V.  Le  Due.     8vo.     1877. 

Paloeontographical  Society. — Monograph.    Yol.  32.     1878. 

Voyage  of  the  *'  Challenger : "  The  Atlantic.  Sir  C.  W.  Thomson, 
2  vols.,  8vo.     1877. 

West  Yorkshire.    By  Davies  and  Lees.     8vo.     1878. 

Zeitschrift  fiir,  das  Berg.  Hatten  und  Salinen-Wesen.  Parts 
2,  3,  4,  Yol.  XXIY.,  1876.  Parte  1-6,  Yol.  XXY.,  1877. 
Parte  1-4,     Yol.  XXYI,  1878. 


SoGZEnXS    WTTE    WHOM   THX    SoCIETT    ExCHAKaZS  ITS  TnAKSlCnONS 

Aim  Lf snxunoirs  Ain>  Jousvals  to  whox  ▲  Copt  is  sent  Fbsb. 

I.— Enolakd. 

LotuUn t  • .  British  Museum. 

Geological  Society. 

Geological  Survey. 

G^logiste'  Association. 

L*on  and  Steel  Listitnte. 

Royal  L:istitution. 

Royal  Society. 
Mdnchitier   ....  The  Owens  College. 

Liteiary  and  Philosophical  Society. 

Free  Library. 

Scientific  Studente*  Association. 

Salford  Royal  Museum  and  Library. 

BarmUy Midland  Institute  of  Mining  Engineers. 

Birmingham. . . .  Free  Library  and  Museum* 
Bristol  • Naturaliste'  Society. 
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Cimibrid^e    ....  Geological  MtLBeum,  Uniyersity. 

•   University  Library. 
Cornwall Royal  Geological  Society,  Penzance. 

Royal  Institution,  Truro. 

Dudley South    Staffordshire    and    East  Worcestenhire 

Institute  of  Mining  Engineers. 

Exeter Albert  Memorial  Museum. 

Leedt    Geological  and  Polytechnic  Society. 

Philosophical  and  Literary  Society. 

Leicester Literary  and  Philosophical  Society. 

Liverpool GFeological  Society. 

Free  Library  and  Museum. 
yewea9tle»on-2\fneliiStitute  of  Mining  and  Mechanical  Engineers. 
Oxford Bodleian  Library. 

Radcliffe  Library. 
South  Shields    . .  Public  Free  Library. 

Swansea    South  Wales  Institute  of  Engineers. 

Ihiro    Miners'  Association  of  Cornwall  and  Deyon. 

Warwick Natural  History  Society. 

Watford Natural  History  Society. 

Wi^an Free  Library. 

Mining  School. 

11. — SooTLAin). 

Edinburgh Geological  Society. 

Royal  Society. 

Royal  Physical  Society. 

Adyocates  Library. 
Glasgow    Geological  Society. 

Natural  History  Society. 
Dundee Free  Library  and  Museum. 

III. — LsLELAim. 

Dublin Royal  Dublin  Society. 

Royal  Geological  Society  of  Ireland. 

Trinity  College  Library. 
Belfast Natural  History  Society. 
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IV. — ^FoREioir  SocmriEs. 

Berlin Geological  Society  of  Gkrmanj. 

Calcutta    Geological  Survey  of  India. 

ChrUtiania  ....  Boyal  University  of  Norway. 

HaUe,  ^/S Verein  fur  Eidkunde. 

Lausanne  (Suiue J  Societie  Yaudoise  des  Sciences  Naturelles. 

LMe Soci6t6  G6ologique  du  Nord. 

Parte    SociSt^  Geologique. 

Piea Sociata  di  Scienci  Natural!. 

Rio  de  Janeiro  . .  Museu  Nacional. 
St.  Petereburg.,  •  Academy  Imperial. 
TWrm    Academie  Royale. 

v.— Canada  and  United  States. 

Montreal Geological  Survey  of  Canada  (A.  E.  C.  Selwyn, 

F.G.S.,  Director). 
M'Gill  College,  (Principal,  J.  W.  Dawson,  F.G.8.) 

Toronto Canadian  Institute. 

Albany f  U.S.   •  •  Yerplanck  Colvin. 

Boston,  U.S.    •  •  Free  Library. 

Columbus,  V.S.  •  OHo,    Geographical   Survey  of    (Dr.  J.   S. 

Newberry,  F.G.S.) 
JSaston,  U.S.    •  •  American  Institute  of  Mining  Engineers. 
Indianapolis,  U.S.  E.  T.  Cox.  State  Geologist. 
yim  Haven,  U.S.  Professor  0.  C.  Marsh,  F.G.S. 
Washington,  U.S.  Smithsonian  Institution. 

VI. — Australia. 

Melbourne Public  Library  of  Victoria. 

Sydney Free  Public  Library. 

Royal  Society  of  N.  S.  Wales. 
Neweastle ......  John  Mackenzie,  F.G.S. 

VU. — ScEENTmC  JOTTBNALS,    &C. 

Geological  Magazine,    Oeologieai  Record^  Quarterly  Journal  of 
Science,  Mining  Journal,  OoUiery  Guardian. 


TRANSACTIONS 

OF  THB 

MANCHESTER    GEOLOGICAL    SOCIETY. 

Pabt  II.  Vol.  XV.  Sbssion  1878-9. 


An  Ordinary  Meeting  of  the  Members  of  the  Society 
was  held  on  Tuesday,  the  26th  November,  in  the  Literary 
and  Philosophical  Society's  Booms,  George  Street,  Man- 
chester; 

John  Edward  Forbes,  F.G.S.,  President, 

in  the  Chair. 


The  Prbsidbnt,  before  proceeding  to  the  ordinary  busi- 
ness of  the  meeting,  said  he  must,  in  the  first  place,  thank 
the  members  for  the  honor  they  had  done  him  in  electing 
him  President  of  the  Society  for  the  coining  session.  He 
regretted,  on  account  of  long  illness,  he  was  unable  to  con- 
tinue the  office  as  an  Hon.  Secretary  of  the  Society,  whose 
duties  it  had  been  his  pleasure  to  assist  in  for  many  years 
past;  but,  in  the  coming  year,  he  hoped,  with  renewed 
health,  to  take  that  position  which  had  been  awarded  him. 


Messrs.  Thomas  Ashworth,  Mining  Engineer,  40,  Lancaster 
Avenue,  Manchester ;  Samuel  Cowell  Atkinson,  Stand  Lane 
Colliery,  Radcliffe ;  W.  N.  Atkinson,  one  of  Her  Majesty's 
Lispectors  of  Mines,  Chilton  Moor,  Fence  Houses ;  Thomas 
Brocklehurst,  Colliery  Proprietor,  Dean,  Bolton;  John 
S.  Burrows,  Atherton  Collieries,  near  Manchester;  W.  J. 
Greener,  Pemberton  Colliery,  Wigan;  John  Laidler  Hedley, 
one  of  Her  Majesty's  Lispectors  of  Mines,  3,  Elm  Yale, 
Fairfield,  Liverpool ;  George  Henry  HoUingworth,  Hollin- 
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woody  near  Manchester;  John  Howell,  Colliery  Manager, 
Asdej,  near  Manchester ;  Charles  Gidlow  Jackson, 
Mining  Engineer,  Wigan ;  Sampson  Maiden,  Colliery  Pro- 
prietor, Bridgewater  Villas,  Stockport ;  Miles  Settle,  Snow 
Hill,  Darcy  Lever,  near  Bolton;  and  William  Henry  Statter, 
Town  Hall,  Bury,  were  elected  ordinary  members  of  the 
Society. 

GYPSUM  IN  THE  BOULDEE  CLAY, 


The  following  communication  was  read : — 

''  Manchester,  October  31st,  1878. 
"  Gentlemen, 

''I  beg  to  send  yon  for  addition  to  yonr  Museum, 

should  you  consider  it  of  sufficient  interest,   a  block  of 

gypsum  found,  with  many  others  similar,  some  18  to  22  feet 

below  the  surface  in  the  excavation  for  foundations  of  the 

Southern  Abutment  of  the  Viaduct  recently  constructed  for 

these  lines  at  Badcliffe. 

*'  There  may  have  been  a  cube  yard  of  the  deposit — the 
whole  consisting  of  these  nodules  or  blocks;  this  fact 
indicating  that  they  were  transported  by  some  agency, 
probably  water,  from  the  formation  from  which  they  became 
detached,  and  deposited  in  the  boulder  clay  at  a  very  early 
stage  of  this  stratum — shale  and  rock  being  very  near  below. 

**  Save  such  pieces  as  I  secured  for  specimens,  I  believe 

the  whole  of  what  was  raised  was  carried  away  by  the  people 

residing  in  the   neighbourhood;    and  may  now  be  seen 

(some  made  to  show  a  very  nice  section)  ornamenting  the 

window  siUs  and  rockeries  of  the  houses  as  &r  as  Black  Lane. 

"  Yours  very  truly, 

"  THOMAS  J.  NICOLLS, 

''Resident  Enoinebb. 
''  The  Hon.  Secretaries, 

*'  Manchester  Geological  Society." 
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Mr.  Dickinson  said  :    I  think   this  specimen^  and  the 
others  which  are  aUnded  to,  have  come  from  a  part  of  the 
country  which  on  the  geological  map  is  marked  '*  Banks  of 
sand  resting  on  boulder  clay/'     The  fact  of  finding  that 
specimen  of  gypsum  near  to  RadclifEe  woidd  lead  one  to 
suppose  that  what  is  called  boulder  clay  on  the  geological 
map  is  really  the  Permian  marls,  of  which  we  have  some 
fine  sections  in  the  valley  of  the  Irk.     It  is  next  to  impos- 
sible that  all  those  blocks  could  have  been  carried  from  the 
Irk  towards  Radcliffe.     It  seems  to  me  imdoubted  that  the 
direction  in  which  all  the  drift  has  come  is  in  exactly  the 
opposite  direction — from  north-west  to  south-east — and,  if 
that  be  so,  it  seems  not  unlikely  that  a  large  portion  of  the 
geology  of  Prestwich — all  through  Heaton  Park  and  White- 
field  to  Radcliffe — will  have  to  be  re-cast ;  that  those  clays 
which  have  not  been  considered  as  Permian  will  have  to  be 
so  marked;  and  that  the  immense  deposits  of  sand  and 
marl  overlying  that  coimtry  can  have  come  from  no  other 
source  but  either   the  Permian  or  the  new  red  sandstone. 
In  the  Transactions  of  this  Society,  Yol.  I.,  published  many 
years  ago,  there  is  a  paper,  which  was  read  by  Mr.  Binney, 
on  the  Geology  of  Manchester  and  its  vicinity.     In  that 
paper  a  section  is  given  of  a  boring  in  the  township  of 
Clayton,  made  by  the  late  Mr.  John  Bradbury,  according  to 
which  amongst  the  variegated  marls  is  a  bed  of  gypsum 
nine  inches  thick.     The  section  is  given  as  rendered  by  Mr. 
Bradbury,  but  Mr.  Binney  appended  the  following  note  : 
**  I  believe  that  this  is  merely  termed  gypsum  from  its  white 
colour.''    At  that  time  I  don't  think  the  geology  of  these 
Permians  was  as  well  known  as  it  is  now.    I  have  myself 
seen  the  cores  taken  out  of  a  bore-hole,  made  by  the  Dia- 
mond borer,  in  which  the  deposits  of  gypsum  are  perfectly 
plain,  in  the  township  of  Clayton ;  and  the  finding  of  the 
blocks  at  RadcUffe  shows  that  the  Permian  of  this  district 
does  contain  gypsum. 
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Mr.  W.  J.  Ordcshaw  :  I  have  a  number  of  speciiiMiis 
from  the  same  place.  They  are  of  diversified  forms ;  acme 
are  rounded,  almost  like  brook  pebbles,  whilst  others  are 
extremely  angular.  I  have  had  them  tested,  and  there  is 
no  doubt  as  to  their  being  gypsum.  I  may  mention  that  a 
gentleman  with  whom  I  have  been  in  correspondence  has  a 
theory  that  these  blocks  have  been  formed  through  chemioal 
action  from  some  deposit  in  the  clay.  He  does  not  beUeve, 
considering  the  diversified  forms  of  these  boulders,  that 
they  have  been  deposited  in  situ  from  any  great  distance. 

Mr.  Dickinson  then  took  the  chair,  the  President 
obliged  to  leave. 


TIMBERING  IN  MINES. 
By   W.  J.   Grimshaw,   F.G.S. 


The  subject  is  one  regarding  which,  but  little  is  to  be  said 
that  is  not  generally  known.  However,  a  few  notes,  roughly 
jotted  down  may  be  of  use  occasionally,  being  brief  and 
simply  referring  to  one  general  subject.  In  most  instances, 
pit-head  frames  are  made  of  timber,  so  we  may  safely  take 
as  a  starting  point  the  material  of  which  they  are  con- 
structed, noting  the  mode  of  fitting  them  together. 

Prr-HBAD  Frames. 

The  timber  generally  used  is  memel  or*pitch  pine — clean, 
free  from  knots,  and  sap.  Pitch  pine  seems  to  be  the  best, 
for  on  several  occasions  which  have  come  under  the  writer's 
notice,  where  mixed  timber  had  been  used  in  the  construc- 
tion of  a  headgear,  the  red  or  white  deal  had  to  be  renewed 
while  the  pitch  pine  pieces  were  perfectly  soimd.  The 
resinous  nature  of  pitch  pine  enables  it  to  withstand  a  great 
amount  of  weathering.    The  strength  of  the  timbers  used  is 
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a  matter  for  calculation.  Doable  tenons  are  certainly  best, 
and  joint  bolts  add  much  to  the  stability  of  the  structure. 
All  diagonals  and  trusses  should  be  joint-bolted  and  beneath 
every  transverse  stay  a  tie  bolt  should  be  put.  If  a  head- 
gear stands  upon  the  surface  of  the  ground  it  is  advisable  to 
fix  the  uprights  and  back-spurs  in  sills,  kept  apart  by  cross- 
pieces,  but  if  the  headgear  is  elevated  and  rests  upon  pillars, 
the  vibration  of  the  sills  is  often  a  disadvantage,  more 
especially  when  it  is  not  possible  to  stay  them  very  closely 
from  below.  The  headgear  should  be  entirely  clear  of  the 
engine-house  or  any  other  buildings. 

Pump  Rods. 

There  is  some  considerable  difference  in  the  strength  of 
rods  required  for  "  forcing "  and  "  draw  **  lifts.  For  a  "  ram- 
pump  ''  of  21  in.  diameter  for  90  to  100  yards  of  a  lift,  the 
rods  are  usually  of  pitch  pine  14  in.  square,  and  lengths 
as  long  as  are  possible  are  obtained.  For  a  ram-pimip  18  in. 
diameter  rods  12  in.  square  are  generally  used,  and  for  a 
ram-pump  14  in.  diameter  10  in.  square,  the  colimm  being 
about  100  yards.  For  a  bucket  or  draw-lift  of  12  in. 
diameter,  rods  about  6  in.  square  are  sufficient,  care  being 
taken  to  get  the  timber  as  straight  balked  as  possible,  and 
free  from  knots,  sap,  and  cracks. 

Steam  Pipbs  in  Shapts. 

A  metal  plate  placed  between  the  timber  stays  and  the 
pipe  is  advisable,  as  even  if  the  pipes  are  covered  certain 
action  results  from  the  contact 

Shaft  Timbering. 

Horse-trees  or  bearers  of  English  oak  are  often  used,  as 
are  ring  pieces  also.  By  shot  firing  there  is  not  the  same 
danger  of  breaking  a  wood  ring  that  there  is  of  snapping  a 
cast  iron  ring^  as  the  writer  has  found  out  to  his  cost. 
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pitch  pine  with  croBs  or  frame  sleepers  of  larch  is  an  arrange- 
ment that  answers  well  when  the  dip  is  steep.  In  walling 
nndergronnd  engine-houses  with  dressed  stone,  boards  of 
larchy  about  lin.  thick,  placed  between  the  courses  at 
intervals  instead  of  mortar  are  found  to  prevent  the  break- 
ing and  cracking  of  the  stone  to  a  considerable  extent  in 
case  of  weight  coming  on. 

Timber  in  Working  Places. 

In  highly  inclined  seams,  it  certainly  seems  best  for  the 
miner  to  have  an  easily  handled  prop,  of  sufficient  strength 
to  make  his  place  secure.  As  a  rule,  miners  who  choose 
their  own  timber  pick  the  lightest  and  the  most  easily 
handled.  This  is  very  foolish  in  many  cases,  and  is  seldom 
a  saving  of  labour,  for  the  weak  props  get  broken  and  have 
to  [be  removed,  taking  more  time  eventually  than  would 
have  been  required  to  set  up  a  sufficient  prop,  besides  being 
a  source  of  increased  risk.  Theoretically,  oak  props  are  the 
best,  but  oak  is  so  crooked  as  a  rule,  that  all  the  advantage 
it  has,  considered  simply  as  a  timber,  is  lost.  It  is  well 
known  that  there  is  most  economy  in  a  good  supply  of 
timber  of  the  best  kind  and  most  adapted  to  the  wants  of 
the  miner.  Small  caps  are  a  great  mistake,  for  we  often 
find  that  a  good  cap  will  save  a  sound  prop.  Caps  ought 
not  to  be  out  wedge-shaped ;  if  it  be  so  cut,  we  find  that  a 
prop  is  at  its  " set"  before  it  is  at  right  angles  to  the  roof 
and  floor  of  the  mine.  If  the  prop  is  driven  up  until  it  is 
at  right  angles,  it  is  then  beyond  its  proper  *'  set,"  and  conse- 
quently only  supports  the  roof  by  about  one-half  of  the  prop 
head.  The  most  natural  way  of  setting  props  seems  to  be 
with  the  thick  end  on  the  floor,  as  the  trees  grow.  They 
are  often  set  the  reverse  way ;  but  the  writer  is  inclined  to 
think  that  they  will  support  more  weight,  if  set  in  the  latter 
fashion.  Props  set  moderately  close,  are  more  easily 
recovered,  than  when  sparsely  distributed.    It  is  a  mistake 
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to  calculate  upon  supporting  th«  roof  for  any  considerable 
time  upon  props.  Pack  walls  should  be  put  in,  or  cbocks 
built,  and  such  props  as  can  be  spared,  taken  out.  In  Long- 
wall  workings,  chocks,  at  the  junction  of  roads,  generally 
answer  much  better  than  props.  **  Stretchers "  consist  of  two 
props,  one  on  the  "high"  and  one  on  the  "low**  side, 
connected  by  a  cross-bar,  which  is  usually  a  little  flattened 
at  each  end,  where  it  rests  upon  the  props  or  legs.  Pieces 
are  put  on  the  "  bars  "  or  "  stretchers  "  when  needed,  and  if 
any  cayity  exists,  small  dirt  is  filled  immediately  on  the 
"  ricing "  or  "  lacing  "  timbers,  larger  pieces  being  fiUed 
thereupon.  If  a  large  cavity  exists  above  the  timbering  it 
is  not  advisable  to  load  the  bars  in  the  centre  as  heavily  as 
on  the  sides,  the  centre  being  the  weakest  place.  It  is  cer- 
tainly questionable  to  what  extent  it  is  advisable  to  load 
bars  to  fill  up  the  space  above.  A  comparatively  small  fall 
of  roof  will  break  down  the  bare  timbers,  whereas  the  same 
fall  alighting  upon  a  layer  of  small  dirt,  might  not  cause 
any  material  damage. 

If  a  certain  vacant  space  is  left  above  the  timbering  of  a 
road,  it  often  affords  a  lodgment  for  gas,  and  it  is  by  no 
means  easy  to  ventilate  such  a  space,  or,  as  it  is  often  called, 
a  "  lofthead,"  in  all  cases.  If  bars  are  heavily  loaded,  it  is 
not  a  very  easy  or  safe  operation  to  renew  the  legs  in  case  of 
necessity.    The  matter  seems  to  stand  thus : — 

Leave  your  timbers  bare  and  a  fall  may  break  them,  also 
gas  may  lodge  above  them.  Pack  them  partially  with  small 
dirt  and  a  fall  would  not  be  so  likely  to  break  them,  still  gas 
is  more  likely  to  lodge  in  such  cavity  as  may  be  left. 

Pack  them  heavily,  and  you  are  throwing  undue  dead 
weight  upon  them,  and  rendering  them  liable  to  be 
immediately  affected  by  any  pressure,  besides  being  more 
difficult  to  deal  with  in  case  of  needed  renewal  Some 
objection  may  be  found  to  every  course. 


Two  kinds  of  oouplings  are  in  general  uae,  the  notched, 
which  retains  pretty  nearly  the  whole  of  its  strength,  and 
the  mortised  bar  and  tenoned  leg,  in  which  there  is  a  con- 
siderable waste  of  timber  and  weakening  of  carrying  power. 

There  is  not  the  same  stability  in  the  notched  couplings, 
tiiat  there  is  in  the  mortised,  until  the  weight  comes  on. 
They  are  somewhat  liable  to  cant  under  certain  circum- 
stances, but  are  much  more  easily  drawn.  The  mortised 
couplings  are  more  difficult  to  set,  but  are  not  so  easily 
knocked  out,  in  inclined  measures.  They  are  well  adapted 
for  jig  brows  and  engine  planes,  and  are  calcidated  to  resist 
much  greater  lateral  pressure  than  are  the  others.  For 
general  use  the  legs  and  couplings  known  as  '^  slotted," 
are  as  a  rule  reliable,  steadfast,  and  simple  in  erection. 

We  may  banish  theory  in  details  from  our  systems  of 
underground  timbering.  Broadly  accepted,  theory  is  useful, 
but  contingencies  so  often  arise,  which  need  immediate 
dealing  with,  that  no  time  may  be  spared  for  minute  and 
ordinary  calculation,  which  calculation,  if  duly  performed, 
is  more  often  likely  to  be  wrong  than  right,  simply  because 
our  knowledge  of  data  and  local  circumstances  is  deficient 
entirely,  and  unreliable  altogether. 

In  putting  in  water-dams  of  pitch  pine,  the  wedges  oi 
pitch  pine  well  cleaned,  will  be  found  to  enter  more  freely 
if  the  joints  are  rubbed  on  a  red-hot  iron. 

Pkesebvation  of  Timber. 

Comparatiyely  speaking,  but  few  instances  of  the  usage  of 
solutions,  to  preserve  timber  have  come  under  the  writer's 
observation.  Still  it  may  not  be  amiss  to  draw  attention  to 
a  few  of  the  most  well-known  processes  used  for  that 
purpose : — ^The  **  Kyan  "  process  consists  in  saturating  the 
wood  with  a  dilute  solution  of  corrosive  subUmate.  **  Mar- 
gery "  used  acetate  of  the  sulphate  of  copper.    Chloride  of 
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The  migration  of  these  pebbles  is  seen  to  be  from  the 
south-west  to  the  north-east  as  the  south  sides  of  the  Groynes 
are  heaped  up  by  the  wind  wares  that  driye  them  from  the 
south.  Curiously  there  are  no  pebble  banks  in  Portland 
Bay  just  now,  but  Leyland  says,  there  was  in  his  time 
(1500),  a  pebble  bank  or  spit  stretching  from  Wyke  Point 
south-east  to  Portland,  and  that  the  exit  of  the  Fleet  River, 
which  flowed  between  the  two  banks,  existed  there  then. 

This  bank  again  may  be  considered  as  a  development 
of  a  bar  that  formerly  obstructed  the  mouth  of  the  river 
Wey,  when  it  opened  out  into  the  sea  further  south,  and 
probably  was  a  portion  of  the  Cheesil  Bank  itself  driven  in 
by  the  storm  waves  when  the  Portland  Strait  was  open. 

The  basis  of  the  Chessil  Bank  was  found  on^boring  by 
Sir  John  Coode  to  be  blue  clay,  but  this  existed  only  on  the 
east,  or  Portland  side  of  the  bank,  and  not  on  the  west,  or 
Lyme  Bay  side,  and  the  soimdings  in  the  former  indicate 
mud,  sand,  gravel,  and  shells,  and  in  the  latter  sand,  gravel, 
and  accasionally  rock,  but  no  shingle  pebbles. 

In  Sir  John  Coode's  communication  to  the  Institute  of 
Civil  Engineers,  May  5,  1853,  (Vol.  12,  Proc.  In.  Civ.  Eng., 
1852-53,)  will  be  found  a  full  description  of  the  length, 
breadth,  shape,  size,  with  dimensions  in  feet,  of  the  Chessil 
Bank,  along  with  his  views  on  its  history  and  formation,  and  a 
most  remarkable  and  instructive  discussion  therein  is  reported 
on  it.  It  appears  to  be  about  9-10  miles  long;  opposite 
Abbotsbury,  540  feet  broad  at  low  water,  and  35-3  feet  high, 
above  same  level,  and  71*3  feet  from  the  clay  bases;  opposite 
Fleet,  to  be  590  feet  broad  at  the  base,  37*6  feet  high,  above 
low  water,  and  79  feet  above  the  clay  bottom ;  and  at 
Chessil  Town,  600  feet  broad  at  base,  and  55*9  high,  above 
low  water,  and  103-3  feet  above  foundation.  The  slope  of 
the  bank  on  the  sea  side,  from  top  to  low  water,  is  at 
Abbotsbury  1  in  7  feet,  and  Portland  1  in  5^  feet,  and  at 
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low  water  the  slope  is  at  Abbotsbory,  1  in  11  feet ;  and  at 
Portland,  1  in  8  feet ;  and  further  out  in  the  bay  beyond  2 
&thoms  depthi  it  is  1  in  30  feet ;  as  far  as  6  fathoms  at 
Abbotsbnry,  and  8  fathoms  at  Portland. 

The  bank  is  composed  of  rounded  stones  and  ovoid 
peebles  of  chalk  flint  and  chert,  these  being  the  most 
numerouSy'and  then  come  those  of  red  sandstones,  porphyry, 
and  jasper,  the  former  derived  from  the  chalk  cliffs  and 
valleys  of  Dorsetshire,  at  Abbotsbury,  Chidcopk,  Char- 
mouth,  Lyme,  Sidmouth,  Salterton ;  and  the  latter  from  the 
New  Bed  beds,  scattered  along  the  coast  at  Axmouth, 
TVeston,  Sidmouth,  Otterton,  and  Exmouth. 

The  following  are  the  dimensions  of  some  pebbles  collected 
from  the  bank  and  their  specific  gravities,  ascertained  by 
Dr.  Stevenson  Macadam,  of  Edinburgh : — 

Stones.  Pebbles. 

OS.  of  gn.in 

OK.  wator.  cnb.  inch.  gn.      water. 

1.  13}—    5-5     ..  with  10  2^  bulk.        I.   1063— 683  ..  2-54  spec,  gravity. 

2.  lOi— 6-5to6'6      „  9-8,10.2  „  2.     960—589  ..  2-68        „ 

5.  8}—    1-6     ..    „   3  „  3.     838—606..  2-61        „ 
4.     8i  —    1-6     . .    „   2-8           „           4.     707—438  . .  2-63        „ 

6.  4}—     1        ..   „   2  „  5.     732—145..  2.64        „ 

mean  Sp.  gravity  2*66.  6.     826—608  . .  2.69        „ 

6.     3i 

Total  weight  of  6  stones  64|  oz.,  total  fl.  oz.  water  20*3— 21*2— 21*6  oz.s 

mean  21  oz.,  total  cnbic  inches  30*6,  average  specific  gravity  2*68 — 2'63a 

mean  2*60. 

The  bank  however  is  not  entirely  composed  of  stones  and 
pebbles,  but  at  a  depth  of  10-15  feet  below  the  top  surface. 
Sir  John  Goode  found  by  borings  sand  intermixed 
which  increased  so  much  in  quantity  in  descending 
that  at  18-20  feet  deep  the  latter  was  foimd  solid  and 
packed,  so  that  the  bank  was  discovered  to  be  perfectly 
impenetrable  to  the  tides  from  Lyme  Bay. 

It  is  highly  probable  that  the  bank  has  g;rown  in  length 
and  height,  and  breadth,  from  ancient  times,  as  may  be 
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inferred  from  the  following  quotation  from  Leland,  Vol.  3, 
p.  66 :  **  As  often  as  the  wind  bloweth  strong  at  south-east^ 
so  often  the  sea  beteth  it,  and  loseth  the  bank,  and  breaketh 
through  it,  (which  would  be  impossible  now  altogether)  so 
that  if  this  (south-east  wind)  might  continually  blow,  then 
this  bank  should  soon  be  beaten  away,  and  the  sea  fully 
enter,  and  divide  Portland,  making  it  an  isle,  as  surely  and 
by  it  in  times  past  hath  beene.  But  as  much  as  the  south-east 
wind  doth  bete,  and  break  off  this  Chessill  bank,  so  much 
more  doth  the  north-west  wind  succur,  and  strengith,  and 
augmentith  it." — ^Henry  8th  reign ;   died  1552 ;  300  years. 

Leland  attributes  the  destructive  action  to  the  south-east 
winds  and  the  constructive  action  to  the  north-west  winds, 
but  Sir  J.  Goode  considers  the  former  action  to  be  due  to 
groimd  swells  occasioned  by  or  following  gales  from  south- 
east, east  and  north-east,  but  he  does  not  state  the  wind  that 
follows  the  subsidence  of  the  gale,  neither  is  there  any 
very  clear  description  to  be  found,  as  to  the  course  and 
direction  of  the  surf,  whether  the  lines  of  its  crests  are 
parallel,  oblique,  or  at  right  angles  to  the  line  of  beach. 

We  gather,  however,  that  the  ground  swells  after  gales 
from  any  quarter  are  destructive  to  the  bank,  clear  away  its 
accumulations,  and  scour  down  the  front  slopes,  so  as  to 
expose  the  foundations  of  the  Blue  Kimmeridge  Clay,  and 
the  spoils  of  the  tempest  are  then  gathered  by  the  fishermen 
watching  the  recession  of  the  water. 

On  Nov.  23,  1852,  a  ground  swell  of  18  hours'  duration 
removed  4,553,000  tons  of  Pebbles;  and  it  required  five 
days  afterwards  to  restore  3,553,200  tons  of  Shingle  to  the 
bank. 

These  ground  swells  should  probably  be  interpreted  as 
the  back  trochoidal  action  of  the  wave  oscillation,  as  stated  by 
White  (in  Journal,  Unit.  Service  Instit.,  Vol.  21,  1877,  No. 
22,  p.  937,)  when  the  particles  of  water  in  the  crest  move  in 
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the  direction  of  the  wave's  adyance,  and  at  the  hollow  the 
particles  move  in  the  backward  way,  or  against  the  advance 
of  the  crest  or  out  to  sea. 

It  may  farther  be  stated  that  the  soouring  effect  of  this 
back  action  must  be  increased  by  the  depth  of  the  trough  of 
the  wave  below  the  mean  sea  level,  as  the  particles  of  water 
would  have  their  momentum  increased  by  a  fall  from  the 
top  of  the  crest  of  wave  of  several  feet  (6-12)  to  the  bottom, 
and  also  on  the  trochoidal  theory  by  the  particle  having  below 
this  line  taken  on  centrifugal  force,  in  addition  to  that  of 
gravity,  in  the  course  of  its  revolution  roimd  its  orbit  of 
oscillation  having  its  axis  placed  at  the  mean  sea  level. 

Sir  J.  Coode  again  states  that  slow  waves  of  seven  or  less 
per  minute  have  a  destructive  action,  and  that  fast  waves  of 
8-9  or  more  per  minute  had  an  accumulative  action  on  the 
shingle  of  the  bank,  without  stating  that  these  were 
dependent  on  any  particular  wind.  These  actions  may  be 
explained  by  the  terms  proposed  in  my  note  on  Boiled 
Pebbles,  in  the  Transactions  of  the  Geological  Society,  of 
Edinburgh,  for  1876,  where  it  is  shown  that  the  next  fast 
wave  again  strikes  the  pebble  upwards  before  it  has  com- 
pleted its  full  descent  down  the  bank,  after  the  recession 
of  the  first  wave.  But  during  the  action  of  the  slow  waves 
the  pebble  would  have  ample  time  to  descend  by  gravity 
rolling  it  down  the  slope,  aided  by  the  backwash  of  the 
retiring  surge. 

It  should  always  be  considered  that  the  violence  of  the 
wind  blowing  in  the  same  direction  as  the  advance  of  the 
wave  will  aid  the  accumulative  action  by  driving  the  water 
and  pebbles  before  it,  but  if  the  wind  should  be  north-east 
or  from  the  land,  with  a  heavy  ground  swell  of  the  sea  on, 
as  Leland  say?,  then  the  wind  will  be  with  the  backwash  of  the 
surf,  and  drive  it  and  the  pebbles  down  to  meet  the  advancing 
crest,  and  fearful  breakers  would  result.     Sir  J.  Coode,  who 
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was  Besident  Engineer  of  the  Portland  Breakwater,  says  that 
the  prevalent  winds  with  greatest  wind  force  are  those 
from  south-west  and  a-half  west,  which  agree  closely  with 
a  line  drawn  perpendicularly  to  the  axis  of  the  centre  of 
the  length  of  the  bank,  and,  therefore,  points  to  the  direct 
action  of  the  waves  created  by  south-west  gales  and  breezes 
as  being  the  chief  builders  of  the  Embankment. 

The  question  of  the  origin  of  the  Chessil  Bank  being  still 
a  matter  for  discussion,  these  remarks  tend  to  controvert  the 
theory  of  its  formation  by  tidal  action  and  currents,  as 
maintained  by  many  eminent  geologists. 

Extract  from  a  letter, — Mr.  R.  T.  Smith,  geologist,  Wey- 
mouth, Dec.,  1877, — about  the  Chessil  Bank  during  the  last 
year  : — "  The  gales  have  been  mostly  from  the  south-west, 
and  I  do  not  hear  that  the  shingle  has  been  removed  more 
than  at  other  times.  What  fishermen  call  a  ground  sea 
often  takes  away  the  beach,  and  at  those  times,  coins, 
Spanish  gold  and  silver,  are  often  found  in  the  clay  and 
shingle  below  the  beach  in  what  they  call  "  hard "  {i,e., 
the  base).  I  have  not  heard  of  any  coins  having  been 
found  this  autumn.  There  have  not  been  any  wrecks  on  the 
beach  this  season,  but  some  of  the  men  from  the  collision 
of  the  Forest  and  Avalanche  were  landed  on  there.  Several 
things  are  often  thrown  up  on  the  beach  from  the  wreck 
of  the  Boyal  Adelaide,  and  I  had  brought  to  me  a  few  days 
ago  two  horse  shoes  with  iron  nails,  copper  nails,  links,  shirt 
buttons,  &c.,  mostly  corroded  and  glued  together  by  rust. 
Bronze  celts  have  also  been  found  imder  the  beach  after  a 
heavy  ground  sea  has  exposed  them.  A  heavy  groimd  sea 
would  sometimes  take  place  in  the  west  (or  Lyme)  Bay 
during  the  fog,  without  wind  at  all  (probably  easterly  fog 
in  the  channel). 
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ON  A  TOOTH  OF  RHINOCEROS  TICHORHINUS 

FOUND  AT  THE  ENTRANCE  TO  THE  PEAK 

CAVERN,  CASTLETON,  DERBYSHIRE. 

By  Mr.  Rooke  Pennington,  F.G.S. 


The  stream  which  issues  from  the  mouth  of  the  Devil's 
Cavern  (now  better  known  as  the  Peak  Cavern,)  at  Castleton, 
receives  two  important  tributaries  before  it  leaves  the  deep 
gorge  into  which  the  cave  opens.  One  of  these  affluents  is 
the  powerful  spring  known  as  the  Russet  Well ;  the  other  is 
an  intermittent  brook  flowing  from  the  west  and  appearing 
in  daylight  from  beneath  the  embankment  along  which  the 
road  to  the  cavern  is  conducted.  The  Peak  river,  as  it 
emerges  from  the  cavern,  is  a  combination  of  two  main 
streams,  one  of  which  is  identical  with  that  seen  in  the 
Speedwell  Mine ;  the  course  of  the  other  is  not  accurately 
known,  but  it,  doubtless,  like  the  Speedwell  brook,  comes 
from  the  depression  between  Rushup  Edge  and  Elden  Hill, 
that  is  between  the  roads  to  Buxton  and  to  Chapel-en-le-frith, 
a  depression  from  which  there  is  no  surface  outlet,  and  from 
which  many  rivulets  seek  escape  by  means  of  underground 
channels.  The  intermittent  brook  I  have  referred  to,  in  all 
probability,  flows  from  the  same  neighbourhood.  Although 
water-less  in  dry  weather,  a  rainy  day  or  two  gives  rise  to  a 
considerable  flow  and  as  each  rush  subsides,  its  bed  (which  is 
artificially  confined  by  banks)  is  encumbered  with  limestone 
fragments,  calc-spar  sand  (such  as  comes  from  lead  mines) 
splinters  of  bone,  and  fragments  of  blue-john  spar. 

During  last  Spring,  a  child  (the  place  is  a  favourite  resort 
of  the  village  children,)  found  in  the  then  dry  bed,  two  or 
three  pieces  of  fluor  spar,  and  what  it  thought  was  a 
curious  stone.  The  curious  stone  was  the  tooth  of  a  woolly 
rhinoceros,  and  was  at  once  recognised  on  being  brought  to 
me.     On  carefully  examining  the  place,  I  found  such  debris 


«nx  ffmer  XAotL  <r  ubi  mc  imiL  kt  ^pBoifijBLlbr 


3rai  •*aoatt  m  tUt  immarBfe'  mmim   ir  -tbt  IfnMtim* 
ivainan.  numiinsum.  Tananfe,    or  oxibl  sHut   xavFcu 

-fsaionfliict  xftus^.  ixii  lami^   >  tm  man  i^ahr.    I  do  not 

miunxaui.  inuestiiiit  dMm.r  ir  J»srm>^m%.  nin  Iuk^  nnrtnee 
£C  'UK  XTBSiu.  lEftih  itftfiL  iiiimiL  SL  ibo:  oreiL  unlew  ii  ^  ia  a 
3w«Em  *'  Trnr  '  ic  liLmJuiuL     I  an.  i!JaL  u  imc.  iSibx  a 

TaiF  MTTfrajT  cktfL  iiL  Tie  fflimira,.  t^  ynmnTW  iftBdsf  fiBnied  bj 
£mic  ir  {cruuxL  ii  &  ?%scmr-iiiA»  3r  a  urqtcl.  i£I1  die 
iesssTkVZ^.rL  ;t:  "dit  "TLli*  ;r  "ii*   isasuri   rr  -di*   ubsmScal  and 


sad  Tii*  v.tti^t  uiid  v?Ki  lt*   vksitei   nm  t;  Ivsr  jfTcsUs  or. 


a$  ir.  •iit  ytrfft.  -i.".''.  itji^l":  l^^ti-     ^ :  ixffir«ii«  as  lo  the 

proof  oi  xIj-.  t^^iAfcLJsh  'A  \lL^  a.^  "t j^  in  ceziir&l  F-ndand 
during  r<y>rt*t  y^/WfjJiki  times. 


ON  liONFJS  OK  i'LKIST^X;EyE  AXDIALS  FOrST)  IX 

A   i5Jl^>KKN-i;j'  CAVK  IX  A  QUARRY  XEAR 

MATi/iCK,  liERBYSHIRE. 

Jiv  Mr.  Il/iBKRT  Law. 

Ill  July  lut;t  I  w^^it  on  fui  irxcuntion  for  the  day  to  Matlock 
liutli,  uvA'ttiHym^uHA  \ty  two  friunrln.  With  a  view  of  collect- 
jug  foMJIni  wii  vJhiUmI  IWidim'N  (Quarry,  where  we  accidentally 
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picked  up  a  molar  tooth  of  rhinoeeroa  ticharhinua,  which  led  to 
OUT  finding  a  cave,  the  entrance  of  which  was  about  20  feet 
above  the  level  of  the  river.  On  searching  carefully,  we 
soon  found  a  tooth  of  a  cave  ht/cmia,  a  portion  of  the  lower 
jaw  of  a  fox,  and  several  broken  leg  bones,  probably  of  the 
reiiuieer. 

Some  weeks  afterwards  I  again  visited  the  place,  provided 
with  the  tools  necessary  for  making  a  careful  and  thorough 
examination  of  the  debris  in  which  the  bones  above  referred 
to  were  found,  and  after  having  obtained  the  necessary 
permission  from  Mr.  Boden,  I  commenced  work  in  good 
earnest. 

The  debris  or  deposit  referred  to,  was  about  50  feet  long, 
and  from  1  to  5  feet  thick.  It  was  situated  in  the  north  side  of 
the  quarry,  and  rested  on  a  ledge  of  greyish  lime-stone,  about 
15  feet  from  the  ground,  which  ran  nearly  east  and  west, 
the  dip  being  about  18  degrees  to  the  eastward,  and  which 
corresponded  closely  with  the  floor  of  the  cave. 

The  excavation  was  carried  out  with  the  utmost  care,  and 
occupied  three  days,  from  early  mom  tiU  night. 

The  following  is  a  section  of  the  deposit  in  the  centre 
where  it  was  thickest. 

1.  Eeddish  brown  rubbish,  1  foot  thick,  very  loose,  with 
imbedded  angular  fragments  of  limestone  varying  from  one 
to  thirty  pounds  in  weight.  Bones  were  entirely  absent  in 
this  layer. 

2.  Dark  loamy  sand,  2  feet  6  inches  thick,  consisting  of 
alternating  layers  of  lightish  brown  and  greyish  black 
colour,  the  layers  varying  from  1  to  2  inches  in  thickness, 
and  apparently  composed  of  particles  derived  from  lime- 
stones and  toadstones.     Bones  were  also  absent  in  this  bed. 

3.  Ked  clay,  4  inches  thick,  rich  in  osseous  remains. 

4.  Yellowish  grey  breccia,  14  inches  thick,  consisting  of 
angular  fragments  of  limestone  imbedding  a  considerable 
number  of  bones,  principally  in  fragments. 
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The  method  of  procedure  was  to  cut  down  a  portion  of 
the  debris  at  a  time^  from  top  to  bottom,  generally  about 
2  feet  in  length  and  4  feet  in  width,  removing  and  oarefnlly 
examining  each  layer  separately,  in  order  to  ascertain  with 
precision  the  bed  from  which  each  bone  had  been  obtained. 
In  this  way  I  cleared  the  debris  from  the  ledge  of  rock  for  a 
distance  of  18  feet. 

From  personal  observation,  and  enquiry  from  the  quarry- 
men  and  others,  I  am  satisfied  that  the  cave  at  one  time 
extended  a  little  further  eastward  than  at  present,  a  portion 
of  its  southern  side  and  top  having  been  quarried  away,  thus 
bringing  its  long-hidden  contents  to  light.  The  cave  could 
not  have  been  known  before  the  quarry  was  worked,  as  the 
original  entrance  was  then  overlaid  by  a  superficial  deposit 
from  3  to  4  feet  in  thickness,  consisting  chiefly  of  small 
angular  fragments  of  limestone,  overgrown  by  part  of  the 
wood,  now  covering  the  eastern  declivity  of  a  hill  known  as 
the  Heights  of  Abraham. 

In  my  opinion  the  bones  (now  exhibited  on  the  table) 
have  been  carried  from  neighbouring  sites  into  the  cave,  and 
there  deposited,  by  aqueous  agency.  My  reasons  for  so 
thinking  are  formed  from  the  following  considerations ; — 

1.  The  cave,  running  at  right  angles  to  the  course  of  the 
river  Derwent,  may  have  been  frequently  flooded  by  it  when 
flowing  at  a  former  level. 

2.  The  finding  of  a  well-rounded  pebble  in  the  breccia, 
probably  micaceous  sandstone. 

3.  The  bones  showing  little  or  no  signs  of  gnawing. 

4.  The  absence  of  any  trace  of  man  or  his  works  in  the 
deposit,  so  far  as  yet  investigated. 

6.  The  bones  found  in  the  red  clay  deposit  being,  in 
nearly  all  cases,  in  a  perfect  condition,  while  those  in  the 
breccia  generally  occurred  in  fragments. 

6.  The  layer  No.  2  mentioned  in  the  section  having  a 
stratified  appearance,  thus  pointing  to  the  action  of  water. 
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The  seyeral  bones  which  I  found  have  been  submitted  to 
Professor  Dawkins,  (to  whom  I  am  much  indebted  for  his 
kindness),  who  has  identified  them  as  belonging  to 
Khinoceros  tichorinus.  Cave  HysBua,  Bear,  Eeindeer,  Fox, 
Bed-deer,  and  Bison. 


THE  MAMMOTH  AT  NORTHWICH. 


Prof.  Boyd-Dawkins,  F.R.S.,  said :  Mr.  President,  the 
note  which  I  have  to  bring  before  the  Society  this  afternoon 
relates  to  a  discovery  which  was  made  last  Spring  by  Mr. 
Bloxsom,  the  engineer  of  the  New  Victoria  Salt  Company, 
near  Northwich.  It  appears  that,  in  sinking  a  sh^,  they 
exposed  a  section  as  follows : — First,  there  was  2  ft.  of  soil ; 
then  9  ft.  of  brown  sand  and  clay  ;  then  37  ft.  brown  boulder 
clay  ;  and  finally  32  ft.  of  fine  sand,  which  rested  upon  the 
red  marl  containing  the  layer  of  rock  salt,  for  which  the 
shaft  was  sunk.  Whilst  they  were  making  the  shaft,  the 
travelling  cylinder  intersected  the  tooth  of  "  some  gigantic 
animal ;"  at  a  depth  of  16  ft.  below  the  surface  of  the  sand. 
The  importance  of  this  discovery  is  twofold  :  first  of  all,  it 
brings  the  range  of  the  mammoth  as  far  to  the  west — in 
this  part  of  the  country — as  Northwich.  But  the  most 
important  point  is  that  the  sand  in  which  the  tooth  was 
embedded  clearly  and  distinctly  underlies  the  lower  boulder 
clay.  Near  Bowdon  we  have  the  middle  drift  sands  resting* 
upon  it,  and  approachng  nearer  to  Manchester  we  get  the 
upper  boulder  clay  series.  Thus  it  will  be  seen  that  by  this 
discovery  we  have  the  fact  clearly  established,  that  the 
mammoth  lived  in  this  country  at  a  period  before  the 
deposit  of  the  lower  boulder  clay,  or  in  other  words  in 
pre-glacial  times. 

I  have  used  the  term  "  pre-glacial "  with  a  certain  amount 
of  fear  and  trembling,  because,  in  these  days  of  highly  com- 
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plicated  glacial  claasifications,  in  which  nearly  everyone  who 
writes  about  the  boulder  clay  takes  the  particular  district 
which  he  has  examined  to  be  the  key  to  the  whole, 
and  arranges  the  whole  of  the  boulder  deposits  in  one 
linear  series,  it  is  very  difiScult  indeed  to  attach  a  distinct 
and  decided  meaning  to  the  term  '' pre-glacial."  In 
using  the  term,  I  merely  mean  that  it  is  older  than  the 
oldest  boulder  clays  that  are  to  be  observed  in  this  district. 
I  might  here  remark  that  I  entirely  disagree  with  those 
gentlemen  who  arrange  the  boulder  clays  of  Scotland,  Lan- 
cashire, and  the  eastern  counties  in  one  linear  series.  I  see 
no  reason  for  doubting  that,  during  the  time  when  the 
Scotch  **  till "  may  have  been  forming,  under  the  pressure 
of  enormous  masses  of  ice,  in  the  mountainous  districts  of 
the  North,  icebergs  were  depositing  the  boulder  clays  in  the 
area  of  Lancashire  and  Cheshire.  While  there  were  ice- 
bergs and  glaciers  at  work  in  Wales  and  Cumbria,  and  in 
Ireland,  surely  there  were  some  glacial  agents  at  work  on  the 
other  side  of  the  Pennine  Chain,  in  the  eastern  counties, 
and  if  so,  the  linear  arrangement  is  wrong.  A  classifi- 
cation of  boulder  clays  by  an  appeal  to  their  physical 
character  is  worthless.  It  seems  to  me  that,  speaking 
in  general  terms,  there  are  three  great  phenomena 
to  be  observed  in  the  general  glaciation  of  this  country. 
There  is,  first  of  all,  the  great  period  of  land  ice  and  sea  ice, 
when  the  lower  boulder  clay  series  was  accumulated.  Then 
there  was  the  great  period  of  depression  so  admirably 
described  by  Sir  Charles  Lyell,  and  which  is  universally 
recognised  by  the  leading  geologists  of  the  day,  during 
which  the  middle  glacial  sands  were  deposited ;  and,  lastly, 
we  have  the  upper  boulder  clays  of  Lancashire  and  Cheshire, 
and  also  the  moraines  and  other  glacial  marks  which  are  to 
be  noted  in  the  hills  of  Wales  and  the  hilly  districts  of 
Cambria  and  of  Scotland.     Other  than  these  three  divisions 
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I  cannot  see  my  way,  in  the  present  state  of  knowledge,  to 
accept  in  any  other  sense  than  mere  parochial  divisions. 
The  important  point  in  the  discovery  at  Northwich  is  that 
the  mammoth  was  certainly  in  this  part  of  the  country 
before  the  older  boulder  clay  was  accumulated  over  the  sands 
in  which  its  remains  were  entombed.  Remains  of  the 
mammoth  have  only,  up  to  the  present  time,  been  found  in 
the  district,  on  the  one  hand,  in  the  superficial  gravel, — as 
I  believe,  though  there  is  no  accurate  information,  at 
Copenhall,  near  Crewe.  The  specimen,  a  tooth,  belongs  to 
Sir  Philip  Egerton,  and  is  now  in  his  collection.  A  tusk  of 
mammoth  has  also  been  found  in  a  fissure  in  the  mountain 
limestone  at  Doveholes,  near  Buxton. 

Professor  Daw  kins,  in  opening  the  discussion  upon  the 
several  papers,  said  he  was  not  able  to  contribute  anything 
of  importance  to  the  admirable  description  which  Mr. 
Law  had  given  of  remains  found  at  Matlock.  With 
regard  to  the  remains  on  the  table  he  had  only  to  remark 
that  the  bones  of  the  hyaena  were  exceedingly  few,  and 
the  condition  of  the  bones,  generally,  indicated  that 
carnivorous  animals  could  not  have  been  at  work  upon 
them  to  any  great  extent.  With  one  exception  all  the  bones 
are  free  from  the  marks  of  teeth.  One  bone,  only,  bore 
clear  and  distinct  traces  of  gnawing.  With  regard  to 
the  mode  in  which  these  bones  were  introduced  into  the 
cavern  there  was  no  doubt,  in  his  mind,  that  Mr.  Law's 
view  was  the  correct  one.  He  had  never  been  able,  in  the 
course  of  his  experience,  to  accoimt  for  the  abimdance  in 
some  caverns,  of  bones  which  were  very  nearly  perfect — 
hollow  bones,  containing  marrow — without  the  interposition 
of  water  as  the  introducing  agent.  In  such  a  case  it  was 
clear  hyaenas  could  not  have  had  access  to  the  carcases, 
because  if  they  had,  the  bones  would  have  been  gnawed  to 
pieces,  as  we  find  in  all  the  hyaena  caves  of  Europe.     But 
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undoabtedly  the  hyaena  was  in  that  neighbonrliood,  and  he 
would  be  inclined  to  believe  that  the  hysena  bones  found  at 
Matlock  were  introduced  into  the  fissure  by  the  same  agency 
that  introduced  the  remains  of  the  other  creatures.  Mr. 
Law  had  mentioned  amongst  the  remains,  those  of  the  bear. 
The  fragments  were  too  insignificant  to  liable  him  (Professor 
Dawkins)  to  say  anything  as  to  the  species.  He  would 
merely  say  that  in  all  probability,  the  remains  did  not  belong* 
to  the  great  caye  bear.  They  were  yery  closely  allied  to  the 
bears  whose  remains  were  found  in  Windy  Knoll,  near 
Castleton.  The  majority  of  the  remains  belonged  to  the 
reindeer,  and  a  few  of  them  to  foxes — ^the  foxes  being 
comparatiyely  rare  as  compared  with  the  reindeer.  The 
bison,  however,  in  this  cavern,  was  merely  represented 
by  one  or  two  fragments,  which  was  a  very  curious  thing 
when  one  considered  what  vast  quantities  of  bison  bones 
were  obtained  by  Mr.  Pennington  and  himself  (Professor 
Dawkins)  at  Windy  Ejioll.  With  regard  to  the  relation  of 
these  bones  to  the  glacial  period,  he  did  not  know  that 
they  had  any  evidence,  but  certainly,  from  the  general 
current  of  his  observations,  during  the  last  few  years,  he 
thought  that  ultimately  there  would  be  reason  to  believe 
that  the  great  majority  of  the  caverns  containing  bones,  in 
the  Pennine  Chain,  were  inhabited  before  the  glacial 
phenomena  began  in  the  district.  On  that  point,  he 
thought  Mr.  De  Ranee  had  met  with  some  evidence, 
with  regard  to  the  bison,  in  North  Wales.  He  thought, 
that  the  view  which  Professor  Phillips  advanced  many 
years  ago  that  large  numbers  of  ossiferous  caverns  in  this 
country  were  of  pre-glacial  age,  was  the  view  which  we 
shoidd  probably  have  to  accept.  At  present  we  had  no 
decided  evidence  on  the  point,  and  this  being  the  case,  it 
was  very  much  safer  not  to  indulge  in  any  of  that  exercise 
of  the  imagination  which  had  caused  so  much  mischief  to 
geological  science. 
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Mr.    BooKE    Pbnninoton    said  that    having  heard  of 
the    discovery    at    Matlock,    and  made   inquiries   in    the 
locality,  his   view   coincided   with   that   brought  forward 
by    Mr.   Law,  that  the  bones    had    been  introduced    by 
the  action  of  water.     He  (Mr.  Pennington)  would  suggest 
to  Mr.  Dawkins  that  it  was  very  remarkable  that,  although 
there  was  such  a  number  of  caves  in  the  mountain  limestone 
of  Derbyshire,  there  was  no  real  instance  of  a  hysena  den 
having  been  brought  to  light.     In  the  discoveries  made  at 
Wirksworth     by    the     late    Dr.     Buckland — ^particularly 
that  celebrated  rhinoceros  depicted  in  ReliquuB  Diluviance, 
(which  appeared  to  be  in  perfect  condition) — the  remains 
had  evidently  arrived  at  their  resting  place  by  the  action  of 
water,  and  had  not  been  introduced  by  any  carnivorous 
animals.       It    was    a    remarkable    thing    that    both    at 
Windy    Enoll,    Dove    Holes,    Buxton,   Matlock,   Wirks- 
worth— everywhere,  in  fact,  throughout  the  mountain  lime- 
stone district  of  Derbyshire,  and  the  adjoining  mountain 
limiestone  district  of  Stafibrdshire — that  had  been  the  case. 
In    the    discovery   at    Waterhouses    the    same    state    of 
things    was    shown  :     there    was    no    reason    to   suppose 
that  the    cave    had  been   the   habitation  of  the  hyaena  ; 
and  this  was,  he  believed,  the  first  instance  of  the  discovery 
of  the  hysona  at  all  in  the  country,  except  in  those  Permian 
caves  which  had  been  so  recently  thoroughly  worked  out 
by  the  conjoint  experience  of  the  Bev.  J.  M.  Mello  and 
Professor  Dawkins. 

Mr.  Db  Bancb  said  he  would  like  to  say  a  word  with 
reference  to  the  bison,  discovered  in  North  Wales,  to  which 
Professor  Dawkins  had  alluded.  At  Prestatyn  there  was 
a  steep  escarpment  of  carboniferous  limestone,  which  sloped 
away  towards  the  lowlands  about  Bhyl,  at  the  base  of  the 
limestone  they  had  certain  boulder  clay,  sands,  and  so 
forth.    As  good  fortune  would  have  it,  there  was  a  very 
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deep  and  oonsiderable  lead  mine  at  Talargoch.  In  sinking 
some  of  the  shafts  of  this  mine  they  passed  through  the 
boulder  drift,  and  at  the  point  where  they  reached  the  rock, 
at  the  foot  of  that  glacial  drift,  the  particular  bison  bone 
which  had  been  alluded  to  was  found.  In  following  those 
glacial  drifts  along  the  coast,  as  the  (Jedogical  Survey  were 
now  doing,  mapping  the  Flintshire  coalfield,  they  found 
them  to  be  continuous ;  and  he  had  yery  little  doubt  that 
those  particular  deposits— deposits  formed  at  the  bottom 
of  a  glacial  sea — ^which  fringed  the  entire  coast  of  Flint- 
shire, would  be  found  continuous  with  similar  deposits  in 
Chediire,  and  even  as  far  as  Lancashire.  He  (Mr.  De 
Ranee)  agreed  widi  Professor  Dawkins  in  the  trqile 
diyision  of  the  boulder  series.  The  lower  boulder  day, 
however — at  least  what  he  called  such — ^in  Lancashire, 
Cheshire,  Cumberland,  and  Flintshire,  was,  according  to 
his  observations,  always  a  marine  deposi.  It  contained 
exactly  the  same  shells  as  were  got  in  the  upper  boulder 
clay — ^two  or  three  forms  of  moUusca,  f oimd  in  the  middle 
sands,  were  absent  from  the  lower  boulder  clay;  but  with 
that  exception,  the  lower  boulder  clay  indicated  a  lower, 
though  not  a  greatly  lower,  temperature  than  the  middle 
sands.  Beneath  the  lower  boulder  clay  there  was  found 
occasionally  a  dark  clayey  material  which  Scotch  geologists 
would  call  "till";  and  that  oldest  deposit  of  all — the 
till — was,  he  presumed,  that  to  which  Professor  Dawkins 
alluded  when  he  spoke  of  the  lower  boidder  clay  as  of  the 
terrestrial  period,  that  till  was  an  exceedingly  local  deposit. 
He  only  knew  of  it  in  five  places  ;  and  it  seemed  to  belong 
to  that  period  of  glaciation  when  we  had  glaciers  in  the 
Lake  District  of  tolerable  size,  leaving  moraines  in  the 
deeper  valleys,  with  left  fragments  here  and  there,  in 
odd  comers,  denudation  having  separated  them. 
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An  Okdinaky  Meeting  of  the  Members  of  the  Society 
was  held  on  Tuesday,  the  28th  January,  in  the  Literary 
and  Philosophical  Society's  Rooms,  George  Street,  Man- 
chester; 

Joseph  Dickinson,  Esq.,  F.G.S.,  Vice-President, 

in  the  Chair. 

Mr.  Henry  Baxter,  Colliery  Manager,  Tyldesley;  and 
Mr.  Edward  Gregson,  Mineral  Agent,  Preston,  were  elected 
ordinary  members  of  the  Society. 


The  Chairman  announced  that  arrangements  have  been 
made  with  the  Council  of  the  Literary  and  Philosophical 
Society,  which  entitle  the  members  of  this  Society  to  make 
daily  use  of  the  Council  Room  on  the  right-hand  side  of  the 
Entrance  Hall,  for  the  purpose  of  consulting  books  con- 
tained in  the  library,  &c.,  subject  to  the  convenience  of  the 
Council  when  holding  meetings. 


The  Chairman  announced  the  death,  since  the  last  meet- 
ing, of  one  of  the  oldest  honorary  members  of  the  Society,  viz. : 
Thomas  Sopwith,  M.A,  F.R.S.,  F.G.S.,  Memb.Inst.C.E., 
Honorary  Member  Manchester  Geological  Society.  Bom  at 
Newcastle-on-Tyne,  January  3rd,  1803 ;  died  at  West- 
minster, January  16th,    1879.      Practised,   during  half  a 
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oentury,  as  a  mining  and  civil  engineer ;  engaged  in  seyeral 
extensive  undertakings  in  this  country  and  on  the  Continent ; 
appointed  Commissioner  for  the  Crown  imder  the  Dean 
Forest  Mining  Act,  in  1838 ;  from  1845  to  1871  manager 
and  agent  of  Mr.  Wentworth  B.  Beaumont's  mining  pro- 
perty in  Allendale ;  inventor  and  constructor  of  geological 
models  of  mining  districts,  for  a  paper  on  which,  in  1842, 
was  awarded  the  Telford  Silver  Medal  by  the  Institution  of 
Civil  Engineers ;  author  of  a  work  on  the  Mining  Districts 
of  Cumberland  and  Durham,  on  Isometrical  Drawing,  Notes 
on  Egypt;  also  of  several  communications  to  learned 
societies,  and  upon  topics  of  a  miscellaneous  character. 
'^  His  name  will  be  long  cherished  as  one  of  the  not  few 
sons  of  eminence  to  whom  Newcastle  has  given  birth/' 

Mr.  Plant  said,  in  reference  to  the  memoir  just  read,  it 
ought  to  be  known  to  all  the  mining  members  of  the  Geolo- 
gical Society  that  the  Society  possessed  a  set  of  the  models 
which  Mr.  Sopwith  constructed,  and  which  he  presented  to 
this  Society.  They  were  now  exceedingly  rare  and  valuable. 
For  beauty  and  perfection,  and  for  the  serviceable  and  prac- 
tical purpose  of  illustrating  a  lecture,  or  for  teaching  in  a 
mining  college,  they  could  not  be  excelled.  They  were 
accompanied  by  a  small  book,  which  fully  explained  the 
purport  and  intention  of  the  models. 


COAL    IN    ALLUVIAL    SAND    AT    MOSTON. 


Mr.  Cook  showed  a  piece  of  Cannel  coal  which  *was  found 
recently  at  a  depth  of  about  28  feet  in  the  alluvial  sand  at 
Moston  Colliery,  in  Failsworth,  when  making  a  railway 
cutting.  He  was  imable  to  satisfy  himself  as  to  the  locality 
from  which  it  came,  as  the  Cannel  mine  is  about  150  yards 
deep  at  this  point,  and  is  apparently  of  a  different  quality. 
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Mr.  Greenwbll  said  he  had  frequently  seen  pieces  of 
coal  in  surface  deposits,  but  they  had  invariably  had  the 
appearance  of  being  water-worn.  The  piece  now  shown 
had  not  much  the  appearance  of  an  old  water-worn  coal 
nodule. 

The  Chaibman  said  it  did  not  appear  to  have  been  sub- 
jected to  rough  usage ;  but  it  was  quite  common  to  find 
pieces  of  coal  in  the  sand  deposits  of  Cheshire.  The  large 
deposit  at  Sandbach  Station,  for  instance,  had  coal  in  it. 

Mr.  Greenwell  :  In  the  sand  and  gravel  at  Stockport 
there  are  also  pieces  of  coal. 

Mr.  Plant  said  that  quantities  of  coal  like  that  exhibited 
might  be  procured  from  the  drifts  between  Manchester 
and  Oldham.  It  was  always  cannel  coal ;  he  had  never 
seen  any  of  the  soft  bituminous  coals.  He  accounted  for  it 
in  this  way  :  the  greater  portion  of  the  surface  of  Lanca- 
shire had  been  scoured  down  by  the  action  of  ice— or 
whatever  action  did  scour  down  the  rocks — and  there  was 
embedded  in  the  debris  a  great  number  of  boulders,  which 
belonged  to  the  district,  and  the  coal  measures  had  also 
undergone  that  denudation.  The  fragments  now  found 
were  simply  those  which  had  survived  the  wear  and  tear. 

Mr.  AiTKEN  said  coal  nodules  were  foimd  extensively  in 
the  drift  at  Bacup.  He  at  one  time  made  a  collection  from  a 
deposit  of  about  1000  feet  above  the  sea  level,  but  the 
nodules  were,  in  every  case,  different  from  the  one  now 
exhibited.  They  were  all  more  or  less  rounded,  and  of  the 
character  described  by  Mr.  Plant,  namely,  bastard  cannel. 
In  no  case  did  he  find  any  bituminous  bright  coal.  There 
was  some  difficulty  in  accoimting  for  their  presence  in  that 
position,  as  they  differed  in  character  from  any  of  the  coal 
deposits  in  the  neighbourhood.  Where  they  came  from  was 
a  mystery  he  had  not  yet  been  able  to  solve. 
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EXPLOSIONS   IN   MINES. 


The  discussion  on  Mr.  Wild's  paper  on  '' Explosions  ui 
Coal  Mines,"  read  at  the  June  meeting,  was  resumed. 

Mr.  Qreenwell  referring  to  that  part  of  the  paper  which 
dealt  with  the  relation  between  the  quantity  of  gas  given 
out  by  goaves  and  the  quantity  of  air  sent  into  a  mine,  said 
he  should  like  that  point  cleared  up.  Mr.  Wild's  statement 
was  contrary  to  all  one's  preconceived  notions.  It  was  that 
in  a  low  state  of  the  barometer  the  gas,  instead  of,  as  one 
would  expect,  issuing  more  from  the  edge  of  the  goaf,  dis- 
appeared into  the  goaf.  He  would  like  to  ask  Mr.  Wild 
whether,  in  addition  to  the  gas  given  off — flight  carburetted 
hydrogen — there  was  not  also  a  good  deal  of  carbonic  acid, 
or  stythe,  also  given  off  in  the  same  mine ;  because  it  would 
then  be  perfectly  possible  that  such  a  state  of  things  as  that 
described  might  occur  ;  that  although  there  might  be  gas  in 
a  certain  proportion,  yet  neither  the  light  carburetted 
hydrogen  nor  the  carbonic  acid  gas  being  swept  away  by 
brisk  ventilation,  there  might  be  at  the  edge  of  that  goaf  a 
mixture  of  a  less  explosive  character  than  it  would  be  if  it 
was  mixed  up  with  fresh  air  in  a  larger  proportion.  He 
had  seen  instances  of  that  himself.  He  had  seen  instances 
where  from  the  mixture  of  stythe  with  the  fire  damp  the 
mixture  had  been — if  explosive  at  all — at  any  rate  less 
explosive  than  that  same  gas  when  freshened  up,  so  to  speak, 
with  an  additional  quantity  of  air.  He  simply  put  that  forth 
as  a  question  that  might  probably  be  worth  considering,  and 
he  would  like  to  hear  if  any  gentleman  had  any  facts  which 
could  accoimt  for  what  Mr.  Wild  said,  which,  at  first  sight, 
seemed  incomprehensible. 

Mr.  Wild  said  that  choke-damp,  or  stj'^the,  had  never 
been  met^with  in  the  mine  of  which  he  spoke.     The  only 
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explanation  he  could  giye  was  that  it  was  owing  to  the 
slackened  ventilation  at  the  end  of  the  week,  which  allowed 
the  gas  that  had  before  been  pressed  back  into  and  dislodged 
from  the  goaf,  to  fill  up  the  space  from  which  it  had  been 
dislodged  by  the  stronger  ventilation.  That  led  him  to 
think  that  it  might  be  dangerous  to  increase  the  ventilation 
at  a  time  like  that,  because  it  would  insinuate  itself  into  the 
goaf,  and  bring  out  a  larger  quantity  of  gas  than  was  ordi- 
narily given  off. 

Mr.  Greenweli.  said  the  question  was  as  to  how  it  was  to 
be  accoimted  for  that,  in  a  very  low  state  of  the  barometer, 
that  gas  disappeared  into  the  goaf,  and  in  a  higher  state  of 
the  barometer  it  appeared  at  the  edge  of  the  goaf,  because 
it  was  so  contrary  to  what  we  heard,  or  read,  or  knew  of. 

Mr.  Wild  read  the  paragraph  from  his  paper  bearing 
upon  this  point : — "  Influxes  of  gas  arise  in  several  ways 

,  &c"     He  said  it  all  hinged  upon  the  ventilation,  on 

the  extra  firing,  causing  a  partial  vacuum. 

The  Chairman:  Yes;  I  think  Mr.  Greenwell  has  left 
that  out  of  consideration  for  the  present.  He  wants  you  to 
explain  how  a  falling  barometer  would  compress  gas  into  the 
goaf,  rather  than,  as  is  generally  foimd,  expand  it  and 
allow  of  its  coming  out. 

Mr.  Wild  said  he  thought  he  must  have  been  rather 
misunderstood. 

Mr.  Greenwell  :  That  is  the  way  I  understood  Mr.  Wild 
to  have  stated  it :  that,  in  a  very  low  state  of  the  barometer 
the  gas  which,  in  a  higher  state  of  the  barometer  had 
appeared  at  the  goaf  edge  now,  in  this  low  state  of  the 
barometer  disappeared  from  the  goaf  edge. 

Mr.  Wild  said  there  must  have  been  a  misimderstanding. 
The  high  state  of  the  barometer  had  not  been  mentioned. 
The  reason  why  he  sent  the  man  down  on  the  Sunday  morn- 
ing was  because  there  was  a  great  depression  in  the  barometer, 
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and  he  expected  that  a  greater  quantity  of  gas  would  be 
given  off ;  but  when  the  man  got  to  the  place  he  found  there 
was  none.  It  would  not  show  at  alL  This  occurred  several 
times,  both  in  the  2ft.  and  in  the  old  mine. 

Mr.  Qreenwell  said  the  only  way — if  they  did  not 
misimderstand  Mr.  Wild— of  accounting  for  it  is  simply 
this:  that  there  were  accumulations  of  gas,  under  certain 
circumstances,  in  the  higher  part  of  the  goaf,  and  that — 
rejecting  for  the  sake  of  argument  the  question  of  the 
barometer— on  an  increase  of  the  ventilation,  such  as  Mr. 
Wild  described,  on  the  air  coming  through  the  goaf  down 
to  that  point,  the  increased  ventilation  sent  through  the  goaf 
brought  that  gas  down,  which  in  a  less  active  state  of  the 
ventilation  continued  further  in  the  goaves. 

The  Chairman  :  Yes ;  it  would  be  impossible  for  Mr. 
Wild  to  maintain  that  point — that  a  falling  barometer 
caused  the  gas  to  recede  in  the  goaf.  It  is  opposed  to  all 
the  ordinary  laws  of  physics.  It  is  quite  possible — I  do  not 
at  all  doubt  it — that  they  found  the  gas  so  receding  ;  but  it 
must  have  been  due  to  some  other  cause  than  a  falling 
barometer. 

In  reply  to  a  question  by  Mr.  J.  Burrows, 

Mr.  Wild  gave  some  further  explanation  with  the  aid  of 
the  diagram,  and  afterwards  said  that  they  were  agreed 
upon  the  question  of  the  barometer.  He  had  not  stated  in 
the  paper  that  it  was  through  any  depression  that  the  gas 
fell  back,  but  through  the  weakened  ventilation.  It  might 
be  said  that  during  the  depression  a  stronger  ventilation 
should  be  kept  up,  but  in  working  homewards  the  ventila- 
tion might  insinuate  itself  further  into  the  goaf  left  behind, 
and  sweep  out  a  large  quantity  of  gas  into  the  return  air- 
way. He  thought,  according  to  special  rule  11,  it  woidd  be 
an  infringement  to  dislodge  gas  suddenly. 

The  Chairman  quoted  from  the  report  of  the  previous 
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dificussion  some  remarks  made  by  Mr.  Bryham^  observing  to 
Mr.  Wild  that  it  was  the  increased  ventilation  that  was 
challenged — ^whether  that  would  bring  about  an  increase  of 
gas  in  larger  proportion  than  the  increase  of  ventilation. 

Mr.  Wild  said  he  thought  they  must  all  admit  that  an 
increase  in  the  ventilation  would  have  the  effect  of  sweeping 
gas  out  of  the  goavea ;  and  if  the  gas  was  swept  out,  there 
were  only  the  return  air- ways  for  it  to  mix  in.  If  men  were 
at  work  on  the  return  side,  they  ought  to  be  warned,  and 
the  ventilation  should  not  be  increased  until  they  were  warned 
and  got  out  of  the  way.  That  was  the  view  he  took  of  a 
sadden  increaae. 

Mr.  Wild  said,  in  answer  to  Mr.  Bryham's  observation 
at  the  previous  meeting — ^namely,  that  he  had  never  known 
such  a  case  as  that  mentioned  by  him  (Mr.  Wild)— cases 
where  too  much  air  rendered  a  mine  dangerous  were  very  well 
known.  In  re-opening  a  mine,  after  an  explosion,  it  was 
sometimes  deemed  advisable  not  to  increase  the  air  too 
suddenly,  but  to  let  it  pass  into  the  mine  gradually.  He 
thought,  in  a  particular  case  mentioned  by  the  Chairman,  it 
was  slackened  purposely,  to  render  it  more  safe — as  it  was 
often  dangerous ;  while  barrels  of  water  were  being  poured 
down  to  increase  the  quantity  of  air,  the  operation  had  to 
be  suspended  on  account  of  the  danger  arising  therefrom. 

The  Chairman  :  That  was  because  of  its  producing  sudden 
gusts  with  fire-damp  that  might  fire  through  the  Davy. 

Mr.  Greenwell  said  there  was  only  one  possible  case 
where  a  larger  quantity  of  air  might  be  attended  with  bad 
results — that  was  in  the  case  of  a  sudden  blower  of  gas. 
No  doubt  if  a  large  quantity  of  gas  was  liberated,  and  they 
had  a  very  active  current  of  air — not  sufficient  to  render  the 
gas  inexplosive  as  it  came  off,  but  producing  with  it  an 
explosive  mixture  that  would  be  felt  hundreds  of  yards 
distant — in   such   a   case  they   might  have  a  much  more 
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eztensiye  explosion  than  there  would  be  if  thej  had  a 
fmaller  quantity  of  air.  That  was  the  only  case  he  could 
bring  forward  where  an  excessive  quantity  of  gas  would  be 
dangerous. 

The  Chairman  :  Where  it  was  not  sufficient  in  qiiantity 
to  dilute  the  gas  given  off. 

Mr.  Wild,  in  reference  to  another  point  in  his  paper, 
which  was  challenged  at  the  previous  meeting,  namely,  the 
practicability  of  a  separating  valve,  said  he  should  be  very 
glad  to  hear  the  opinion  of  gentlemen  better  acquainted 
than  he  was  with  the  subject  as  to  the  possible  force  of  an 
explosion.  He  added,  by  way  of  practical  illustration,  if 
we  take  a  good  sized  colliery,  with  a  workable  area  of  1000 
yards  square,  or  say  about  200  statute  acres,  the  case  in 
point  being  a  heavy  explosion  arising  from  the  ignition  of 
fire-damp.  Space  filled  with  explosive  gas  contains  say  1000 
cubic  feet  of  light  carburetted  hydrogen  and  9000  cubic 
feet  of  atmospheric  air  thoroughly  mixed.  This  mixture 
would  occupy  a  roadway  of  400  yards  in  length,  the 
sectional  areaof  which  =  25  square  feet,  or  a  cavity  of  100  feet 
long  X  20  feet  broad  x  5  feet  high ;  a  receptacle  capacious 
enough  to  contain  the  elements  necessary  for  a  large  explo- 
sion. By  ignition  say  we  get  a  tenfold  expansion  in  the 
space  of  five  seconds,  thus  we  have  a  volume  equal  to 
100,000  cubic  feet  moved  through  an  airway  of  25  feet 
sectional  area  in  five  seconds,  giving  a  velocity  equal  to 
4000  feet  in  the  above  space  of  time,  or  800  feet  in  one 
second.  Then,  as  100  feet  per  second  gives  a  force  of  about 
241b8.  per  square  foot,  by  increasing  the  velocity  eightfold 
and  squaring  that,  we  get  a  pressure  of  about  1536lbs.  per 
square  foot,  or  about  lOlbs.  per  square  inch.  I  think  it 
would  be  easy  to  make  a  valve  or  crossings  that  would  stand 
that. 

Mr.  Grimshaw  said  the  cry  now  was  "air,"  and  plenty  of 
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it  would  do  everything  as  far  as  safety  was  concerned.  But 
if  they  looked  into  the  matter,  it  would  be  found  that  the 
more  air  there  was,  in  certain  circumstances,  if  an  explosion 
took  place,  and  the  more  extensive  and  the  more  disastrous 
was  the  result  of  that  explosion.  He  did  not  believe  it  was 
altogether  a  question  of  air.  Under  certain  conditions 
when  there  was  a  great  quantity  of  air  the  explosion  was 
more  disastrous  than  it  would  have  been  were  there  a  less 
quantity  of  air.  He  did  not  think  they  were  altogether  on 
the  right  track  as  regarded  ventilation  ;  at  all  events  recent 
occurrences  had  shown  that  they  were  not  entirely.  He 
never  foimd  a  single  instance  in  all  his  reading  of  where 
those  extra  doors,  or  valves,  had  withstood  the  effects  of  an 
explosion  of  any  magnitude. 

Mr.  Wild  :  Whether  those  doors  were  made  of  iron  or 
not  is  not  stated. 

Mr.  Grimshaw  :  There  was  one  at  the  Hepburn  Colliery  ; 
the  air  crossing  was  made  of  boiler  plate. 

Mr.  Wild:  It  may  have  been  only  a  very  small  one. 
We  had  an  explosion  which  blew  down  the  flue  inside  the 
furnace  archway ;  it  bent  the  doors.  The  crossings  were  all 
right,  and  the  men  worked  through  the  crossings  in  the 
brow.  There  were  twelve  of  them  did  not  know  even  that 
an  explosion  had  occurred.  The  tubes  were  all  right,  and 
the  flat  sheet  crossing  as  well. 

Mr.  J.  Burrows  said  it  ought  not  to  go  forth  as  the 
opinion  of  the  meeting  that  large  quantities  of  air,  in  coal 
mines,  could  be  done  without.  He  did  not  see  how  a  high 
velocity  coidd  be  avoided  in  sending  a  large  quantity  of  air, 
say  1200  yards. 

Mr.  Grimshaw  said  the  question  was — is  not  it  safer  to 
use  a  less  quantity  in  certain  places  at  certain  times  P 

Mr.  Seddon  said  that  his  experience  led  him  to  believe 
that  no  crossings  could  be  constructed  which  would  withstand 
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the  force  of  some  of  the  recent  explosions.  On  the  occasion 
of  the  inquiry  succeeding  the  unfortunate  Pemberton 
explosion,  Mr.  Armstrong  gave  some  evidence  as  to  its  force. 
His  (Mr.  Armstrong's)  theory  appeared  to  be  that  some  of 
the  men  were  compressed  to  death. 

Mr.  Woodward  said  his  opinion  was  that  nothing  they 
could  put  up  would  resist  the  violence  of  some  of  the  ex- 
plosions which  had  lately  occurred.  From  what  he  had 
seen,  he  doubted  whether  any  iron  doors,  or  any  iron  air- 
crossings,  would  be  sufficient  for  the  purpose.  They  saw 
enormously  strong  masses  of  brickwork  entirely  swept  away 
—disintegrated,  as  it  were ;  not  one  brick  being  left  attached 
to  another — and  that  being  so,  he  believed  swing  doors, 
mounted  on  woodwork,  or  a  framework  of  any  kind,  would 
stand  very  little  chance ;  still  there  was  no  reason  why  they 
should  not  be  tried.  There  was  another  point  on  which  he 
would  make  an  observation,  that  was  with  regard  to  ventila- 
tion. He  did  not  think  they  should  let  it  go  forth  that  it 
was  advisable  to  have  a  small  quantity  of  ventilation,  because 
that,  he  thought,  would  be  going  against  all  the  teaching's 
of  the  present  time,  and  all  the  experience  of  the  present 
time,  which  was  that  in  every  colliery  they  should  have  a 
sweeping  ventilation.  He  believed,  himself,  that  it  was  one 
of  the  great  points  of  safety  to  have  a  good  sweeping  ventila- 
tion. Of  course  an  outburst  of  gas  might  occur  which  would 
overcome  any  ventilation  that  could  possibly,  perhaps,  be 
established,  and  an  explosion  resulting  from  it  might  be 
much  more  violent  when  that  large  quantity  of  gas  was 
rapidly  diluted  and  spread  through  the  workings  by  means 
of  a  large  volume  of  air ;  but  he  thought  it  ought  not  to  go 
forth  that  it  was  a  good  thing  to  have  a  reduced  quantity  of 
air  in  any  case.  He  thought  in  all  cases — not  alone  looking 
at  the  fact  of  explosions,  but  having  regard  also  to  the 
health  of  the  men  and  of  the  animals  which  had  to  work  in 
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pits — it  was  advisable  to  have  good  ventilation.  Something 
had  been  said  with  regard  to  pressure.  There  was  no  doubt 
that  in  some  violent  explosions  which  had  occurred  lately 
many  deaths  had  been  owing  to  the  enormous  pressure.  On 
reading  up  latterly  some  little  on  this  subject,  he  found  that 
gas,  at  its  most  explosive  point,  expanded  to  about  4337 
times  its  own  volume.  That  showed  what  a  poor  chance  a 
man  would  have  of  life  in  an  atmosphere  expanded  at  that 
enormous  velocity.    . 

The  Chairman  said  that  the  observations  he  made,  when 
Mr.  Wild  read  his  paper,  expressed  really  all  that  he  had  to 
say  upon  the  subject.  He  considered  the  proper  laying  out 
of  a  mine  to  be  the  most  important  matter  of  all.  Large 
quantities  of  air  were  of  little  use  if  a  mine  was  badly  laid 
out.  He  saw  it  stated  in  some  of  the  measurements  taken 
at  Abercame,  that  there  were  600  or  700  cubic  feet  of  fire 
damp  per  minute  coming  off;  and  at  the  Oaks  he  believed 
there  were  500  cubic  feet.  There  must  be  large  quantities 
of  air  to  dilute  such  issues  of  gas  as  those. 

Mr.  Grimshaw,  referring  to  Mr.  Woodward's  observation, 
said  that  it  was  hardly  a  question  of  lessening  the  ventilation. 
The  ventilation  used  in  all  collieries,  at  least  as  far  as  he 
knew  them,  was  much  better  than  it  had  ever  been  before ; 
but  there  was  such  a  thing — ^and  in  considering  the  matter 
it  had  to  be  seen  plainly  that  there  was  such  a  thing — ^as 
having  too  much  air  in  this  way.  Of  course,  if  they  had 
more  air  they  would  manage  to  go  through  matters  safely, 
but  if  they  were  just  on  the  borderland — ^not  the  borderland 
between  safety  and  danger — ^but  supposing  something 
unexpected  were  to  happen,  when  that  thing  did  happen  the 
disaster  was  a  great  deal  worse  than  it  would  have  been  if 
there  had  been  less  air. 

Mr.  Woodward  said  the  law  required  that,  in  colleries, 
the  ventilation  must  be  '' sufficient  to  dilute  and  render 
harmless  noxious  gases.'^ 
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Mr.  Greenwell  said  that  one  point  had  not  yet  been 
touched  upon  in  the  discussion,  namely,  as  to  the  explosive 
character,  falsely  so  called,  of  coal  dust,  but  really  coal  dust 
distilled  into  gases  by  the  heat  of  explosions,  and  thereby 
adding  to  the  violence  of  explosions.  He  wished  to  connect 
that,  at  the  present  moment,  with  what  had  been  said  as  to  the 
probable  effects  of  what  might  be  called  violent  ventilation. 
It  seemed  to  be  probable,  or  at  any  rate  possible,  that 
violent  ventilation,  in  •  the  case  of  a  very  dusty  pit,  might 
cause  a  larger  quantity  of  that  dust  to  intermingle  with  the 
atmosphere  than  would  be  the  case  with  a  smaller  quantity 
of  ventilation ;  they  might  have,  owing  to  the  presence  of 
the  coal  dust,  a  larger  addition  to  the  violence  of  the  explo- 
sion than  might  be  the  case  with  a  smaller  quantity  of  air. 
It  was  clear  that  the  more  violent  the  air  the  greater  would 
be  the  admixture  of  that  fine  inpalpable  dust  with  it  as  it 
travelled  through  the  mine. 

The  Chairman  said  that  in  dusty  mines,  where  the  floor 
would  admit  of  its  being  done,  watering  cans  should  be 
used ;  and  as  far  as  possible  the  drawing  roads  should  be  on 
the  intake,  so  that  the  dust  might  be  swept  into  the  work- 
ings and  deposited  in  the  old  goaves  as  the  coal  was  drawn 
back. 

Mr.  Grimsh AW :  They  water  some  of  the  mines  at  Bamsley 
regularly. 

The  Chairman:  Some  mines  are  covered  a  couple  of 
inches  deep  with  pure  dust,  particularly  where  the  drawing 
roads  are  in  the  return  airway. 

Mr.  Greenwell  :  I  think  all  the  gentlemen  present  will 
agree  with  this,  that  it  is  desirable  to  have  the  drawing 
roads  in  the  intake  air ;  and  I  should  say  that  it  would  be 
a  very  questionable  piece  of  management,  generally  speaking, 
to  have  a  colliery  with  the  drawing  roads  in  the  return  air 
instead  of  in  the  fresh  air. 

The  discussion  was  then  brought  to  a  close. 


TRANSACTIONS 

OF  THE 

MANCHESTER  GEOLOGICAL  SOCIETY. 


Pabt  V.  Vol.  XV.  Session  1878-9. 


An  Ordinary  Meeting  of  the  Members  of  the  Society 
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BLASTING    BY    MEANS    OF    COMPRESSED    AIR. 

By  Mr.  W,  E.  Garforth. 


In  endeavouring  to  dispense  with  the  use  of  gunpowder 
and  other  explosives  in  mines  some  chemical  compounds  and 
a  great  number  of  mechanical  appliances  have  been  tried 
with  more  or  less  success.  In  many  cases  letters  patent 
have  been  taken  out  for  breaking  down  coal  by  hydraulic 
apparatus,  and  by  wedges  of  peculiar  construction.  The 
first  patent  taken  out  to  use  highly  compressed  air  was  by 
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Mr.  Macnab,  of  South  Wales,  and  this  was  followed,  some 
time  afterwards,  by  Mr.  Marsh's  patent.  These  gentlemen, 
therefore,  may  be  said  to  be  the  originators  of  the  compressed 
air  cartridge  principle. 

As  my  intention  is  to  lay  before  you  the  result  of 
experiments  with  compressed  air  at  a  pressure  of  SOOOlbs* 
and  upwards  per  square  inch,  I  will  endeavour  to  explain  the 
principle  as  briefly  as  possible. 

About  two  years  ago  a  machine  was  invented  which  can 
now  be  worked  by  two  men.  It  is  portable,  and  of 
dimensions  suitable  for  even  small  mines,  and  by  means 
of  it  air  has  been  compressed  to  946  atmospheres,  or 
14,2001bs.  per  square  inch.  After  the  air  is  compressed  it  is 
conveyed  through  wrought  iron  pipes  to  a  cast  iron  cartridge, 
say  11 J  inches  long,  which  is  placed  in  a  hole  drilled 
in  the  coal,  from  30  to  40  inches  deep,  and  when  the 
breaking  strain  of  the  cartridge  (which  is  ascertained 
beforehand)  is  reached,  it  bursts  and  breaks  down  the  coal. 
No  doubt  there  are  many  members  present  who  have  air 
compressing  engines  working  at  401bs.  or  GOlbs.  pressure 
per  square  inch,  for  the  pui'pose  of  driving  imderground 
hauling  and  pumping  engines,  who  will  admit  that  in 
trying  to  compress  air  to  701bs.  or  801bs.  pressure  per 
square  inch  they  have  experienced  many  disappointments, 
owing  to  the  air  valves  proving  defective,  loss  of  air 
through  "churning,"  and  the  exhaust  passages  getting 
blocked  with  ice  and  snow.  Considering  these  difficulties 
it  will  readily  be  understood  the  trouble  that  has  been  experi- 
enced in  obtaining  a  pressure  of  1 4,2001bs.  per  square  inch. 

Although  I  should  like  to  enter  into  a  full  account 
of  the  construction  of  the  machine,  and  of  the  manner  in 
which  this  enormous  pressure  is  obtained,  also  as  to  the 
theory  of  the  vaporized  state  of  highly  compressed  air, 
yet,  as  this  detailed  information  would  occupy  too  much 
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time^  and  a  view  and  examination  of  the  machine  would  be 
a  simpler  method  of  enabling  you  to  understand  its  con- 
struction, I  propose  in  this  paper  to  simply  inform  you  that 
the  rams  or  plungers  of  the  machine  are  comparatively  a  loose 
fit,  the  valves  are  as  simple  as  the  commonest  pump  clack  or 
bucket  (and  can  be  changed  in  two  or  three  minutes  time), 
and  all  the  parts  are  extremely  simple  in  construction  and 
not  liable  to  derangement.  With  regard  to  the  form 
and  strength  of  the  pipes  and  cartridge  several  obstacles 
had  to  be  overcome.  In  the  first  instance  the  cartridges 
were  made  by  Mr.  Marsh  of  tin,  afterwards  of  cast  iron — 
the  latter  were,  however,  very  imperfect  in  construction, 
varying  in  thickness  as  much  as  i\  of  an  inch,  and  altogether 
unreliable.  This  was  one  of  the  reasons — though  not  the 
principal  one — ^why  the  experiments  Mr.  Marsh  conducted  at 
Wigan  were  so  unsuccessful.  The  cartridges  are  now  made 
by  means  of  a  machine,  and  are  so  perfect  and  regular  that 
by  adding  s\  of  an  inch  to  the  internal  diameter  the  bursting 
pressure  can  be  ascertained  to  *25  per  cent,  between  one 
cartridge  and  another,  and  this  uniformity  has  many  times 
been  proved  by  actual  experiment. 

At  my  suggestion,  and  by  the  kind  permission  of  Mr. 
Rothwell,  the  machine  was,  some  months  ago,  taken  down 
one  of  the  collieries  at  Denton.  The  first  attempt  to  break 
down  coal  was  a  failure,  owing  to  the  cartridge  not  being  a 
tight  fit  in  the  hole,  which  had  been  made  by  a  common 
drill  in  the  ordinary  way,  and  instead  of  the  bursting 
cartridge  producing  an  immediate  and  sudden  efiect  on  the 
coal  it  was  gradual,  and  simply  residted  in  the  air  aroimd 
the  cartridge  being  compressed. 

I  have  had  the  experiments  which  were  made  by  Mr. 
Marsh  at  "Wigan  fuUy  described  to  me,  and  considering  the 
important  alterations  which  have  since  been  made,  among 
others,  in  driving  the  machine  (which  now  only  requires  one 
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half  the  power  it  &iiiiflfiy  did) ;  the  impRnramentB  in  the 
cartridgefl,  but  espedallv  a»  regziids  the  hole  bong  propolT 
drilled,  I  can  eaaily  under^itaiid  that  without  tibese  yital 
improTementa  the  experiments  at  Wlgon  caald  not  be  less 
than  a  fiulnre.  After  the  tirst  experiment  at  Denton  I 
suggested  to  Mr.  Beoas  that  the  hole  in  die  coal  dumld  be 
drilled  by  a  aniaQ  maehine,  and  made  90  true  that  the 
cartridge  would  fit  it  tightly,  m  that  if  poanble  not  a  mut 
of  force  ^should  be  lost.  Withont  describing  the  nnmenma 
▼isits  which  3Cr.  E.  Beuss  and  I  have  made  down  the  pit  to 
perfect  this  drilling  machine,  aor  the  principle  that  coal  can 
be  chipped  much  easier  than  gromuL  I  mar  state  that  hj 
constant  thought  on  Kr.  Beuss*  part,  the  drilling  machfne  is 
now  80  perfect  that  it  can  be  easily  fixed  ready  for  drilling 
without  props  and  at  any  an^e,  also  that  it  has  often  bored 
a  hole  in  the  coal  aix  inches  in  depth  in  two  minutes  time. 

After  .several  months  experimenting  with  the  drilling 
machine  another  trial  wm  made  to  burst  down  the  coal,  and 
was  M>  far  succe>«9f iil  as  to  warrant  the  construction  of  an 
entirely  new  machine,  capable  ot'  compressing"  air  to  1323 
atmospheres,  or  20,<)00lbs.  pressure  on  the  ^uare  inch,— one 
that  would  remedy  the  many  defects  of  ilr.  Marsh's  old 
machine,  which  had  been  found,  during  the  experiments, 
weak  in  most  of  the  working  parts, — and,  in  having  cmly 
four  rams,  the  turning  was  irregular,  and  the  supply  of 
air  intermittent.  This  new  machine  has  been  made  by 
Messrs.  Garforth,  of  Dukinfield,  and  has  already  compressed 
air  to  14,2001bs.  per  sqnare  inch,  or  946  atmospheres,  and  is 
capable,  I  fully  believe,  of  giving  20,00011)6.  pressure  per 
square  inch.  It  is  neither  so  high,  so  long  as  the  first 
machine,  being  only  4ft.  oin.  long,  3ft.  4in.  high,  and  20 
inches  wide,  and  weighing  8cwts.  2qrs.  Tibs.,  including  draw 
bar,  handles,  and  all  accessories.  It  can  be  adapted  to  any 
guagc  on  an  ordinary  colliery  tramway. 
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By  the  kind  permission  of  Messrs.  Marland,  of  Hollin- 
wood,  and  Mr.  Smith  their  manager,  a  trial  was  made  at 
Bower  Colliery,  in  the  presence  of  some  members  of  this 
Society,  under  the  following  conditions : — 

The  coal  is  known  as  the  Bower  Mine ;  it  is  5 
feet  thick,  and  of  a  very  hard  nature ;  it  was  undercut 
to  a  depth  of  4ft.  6in.,  and  by  the  drilling  machine  a 
perfectly  true  hole  was  cut  39^in.  in  depth,  and  7ft.  from 
the  cut  end  of  the  coal.  The  cast  iron  cartridge  11  fin. 
long,  S^i^in.  diameter,  ^vin.  thick,  was  then  put  in  this 
hole,  and  stemmed  tight,  the  pipes  and  machine  were  next 
attached,  and  at  OSoOlbs.,  or  636  atmospheres,  pressure  per 
square  inch  the  coal  was  broken  down.  The  quantity  was 
estimated  at  between  5  and  6  tons. 

Having  now  described  to  you  some  of  the  difficulties 
which  have  been  experienced  in  perfecting  the  cartridge, 
the  air  compressing,  and  drilling  machines,  and  also  the 
effect  of  95501bs.  pressure  on  the  coal,  I  will  endeavour  to 
place  before  you  my  ideas  of  how  this  power  can  be  utilised. 

I  must  first  state  that  among  other  points  the  following 
have  been  proved : — 

(a.)  That  14,200lbs.  has  been  (and  I  venture  to  think 
20,0001bs.  pressure  per  square  inch  may  be),  obtained. 

(b.)  That  a  pressure  of  95501bs.  has  been  proved  to 
be  sufficient  to  break  down  the  coal  in  a  hard  mine  like  that 
at  Bower  Colliery. 

(c.)  When  the  air  at  these  great  pressures  is  obtained, 
it  can  be  kept  for  hours  both  in  the  machine  pipes  and 
cartridges. 

In  making  the  following  suggestion  as  to  how  this 
power  may  be  utilised,  I  think  a  machine  to  meet  the 
requirements  of  deep  mining  should  be  one  that  would 
not  require  much  manual  labour,  owing  to  the  high  tem- 
perature consequent  on  deep  and  extensive  workings. 
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What  I  propose  is  to  use  a  vessel  or  small  receiver  made 
so  very  strong  that  the  bursting  point  will  be  six  or  seven 
times  the  required  pressure, — one  proved  beyond  doubt  to  be 
perfectly  safe  in  transit,  also  of  such  a  capacity  as  will  allow 
the  highly  compressed  air  to  expand  into  the  pipes  and 
cartridges  without  reducing  the  pressure  below  the  known 
bursting  point  of  such  cartridge.  The  air  compressing 
machine  necessary  to  fill  this  receiver  with  highly  com- 
pressed air  may  be  fixed  on  the  surface,  or,  if  preferred,  at 
the  bottom  of  the  shaft,  and  worked  by  steam  or  com- 
pressed air  at  401bs.  pressure  per  square  inch  in  the  ordinary 
way.  These  portable  receivers  should  then  be  charged 
with  air  of  the  required  pressure,  sent  into  the  various 
working  places,  attached  by  means  of  a  special  valve  and 
pipes  to  the  cartridge  placed  in  the  coal,  and  then  by  simply 
opening  such  valve  the  air  in  tlie  receiver  would  rush  into  and 
explode  the  cartridge,  at  the  same  time  breaking  down  the 
coal  without  requiring  much  manual  labour.  Of  course  it 
will  be  understood  that  the  receiver  can  either  be  placed  at  a 
safe  distance,  or  to  obviate  the  use  of  pipes,  it  can  be 
placed  near  to  the  face  of  the  coal,  and  the  valve  opened 
by  other  means. 

If  the  expansion  of  the  air  necessitated  a  larger 
receiver,  a  small  hydraulic  pump  could  be  connected  to  it, 
and  by  forcing  water  through  a  valve  opening  upwards,  the 
water  would  then  occupy  the  space  of  the  air,  and  by  this 
means  any  pressure  which  had  been  lost  through  expansion 
could  be  recovered,  and  if  necessarv  increased.  As 
water  is  comparatively  speaking  incompressible,  the  time 
taken  to  eflFect  this  operation  would  not  be  long,  nor  the 
labour  very  great  and  the  same  water  could  be  used  over 
and  over  again.  This  arrangement  is  the  one  which  I  think 
will  be  eventually  adopted. 

In    the    same    way    in    which    machines    are  altered 
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and  the  original  idea  improyed  upon,  I  feel  oonvinced 
that  in  a  ahort  time  this  great  force  of  10,000,  15,000, 
or  20,0001bs.  pressure  per  square  inch  will  be  so  utilised 
that  we  shall  be  able  to  put  into  the  hands  of  the  miner 
a  power  which,  if  gunpowder  and  other  explosives 
are  prohibited,  will  enable  him  to  get  coal  with  the  same 
&cilities  as  now,  but  above  all  without  loss  of  life  from 
blown  out  shots  and  explosions,  and  without  the  production 
of  deleterious  gases,  which  so  seriously  affect  the  ventilation 
of  any  mine. 

It  may  appear  strange  to  old  miners  to  propose  to 
place  small  machines  in  the  hands  of  each  workman,  but 
certainly  not  more  so  than  it  did  to  engineers  when  men 
chipped  or  worked  by  hand  what  is  now  done  by  plane- 
ing,  riveting,  or  other  machines.  When  we  consider  the 
restrictions  at  present  placed  upon  the  use  of  gunpowder 
and  other  explosives  in  mines,  and  that  every  day  the  coal 
to  be  gotten  lies  at  a  greater  depth,  and  the  difficulties  in 
getting  iQcrease  more  than  pro  rata  with  such  depth,  I  think 
there  can  be  little  doubt  that  in  a  few  years  Government  will 
either  entirely  prohibit  or  place  more  stringent  restrictions 
on  the  use  of  gunpowder. 

I  now  propose  to  compare  the  system  of  breaking  down 
coal  by  means  of  gunpowder  with  that  of  compressed  air  at 
SOOOlbs.  pressure  or  upwards  per  square  inch. 

The  imdermining  of  the  coal  will  in  both  cases 
be  about  the  same,  also  the  time  taken  to  drill  the  hole, 
provided  the  machine  drill  is  used. 

If  the  arrangement  of  receiver,  as  proposed  in  the  foregoing 
remarks,  be  carried  out,  then  the  time  taken  to  fire  the 
gunpowder  or  burst  the  cartridge  by  compressed  air  will 
likewise  be  about  the  same. 

In  stemming  the  hole  there  will  be  a  gain  in  favour  of 
gunpowder  of  about  ten  minutes,  but  at  a  much  greater  risk. 
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lif  instead  of  the  portable  receiver  the  machine  had  to 
compress  the  air  to  the  required  pressure,  then  there  is  a  gain 
of  25  to  35  minutes  in  &Your  of  gunpowder;  but,  as  we 
are  all  aware,  after  an  explosion  of  gunpowder,  the  working 
place,  if  not  well  ventilated,  ia  so  filled  with  powder  smoke 
for  a  quarter,  half,  or  even  three-quarters  of  an  hour,  that 
the  advantage  gained  in  the  time  is  quite  counterbalanced. 

Compressed  air,  however,  possesses  advantages  over 
g^powder,  as  regards  its  safety,  which  cannot  be  .too 
highly  estimated. 

I  think  everyone  connected  with  mining  will  admit 
that  the  time  has  now  arrived  for  some  power  to  be  found  to 
supply  the  place  of  gunpowder  if  it  be  prohibited,  to  enable  us 
to  get  coal  as  economically  in  the  future  as  now. 

.Should  gunpowder  and  other  explosives  be  prohibited, 
what  /«  the  next  best  means  of  supplying  their  place  ?  I 
think,  for  the  reasons  I  have  stated,  that  compressed  air  will 
stand  foremost  as  a  substitute,  more  especially  on  account 
of  its  safety,  and  although  monet^irv  considerations  may  to 
a  certain  extent  weigh  with  some  people,  yet  no  one  can 
for  a  moment  deny,  after  seeing  the  lavish  expenditure 
made  by  colliery  proprietors  for  the  safety  of  their  men, 
that  sa/eti/  is  the  main  consideration  both  of  mine  owners 
and  their  managers. 

Mr.  John  Higson  said  he  should  be  glad  to  know  if  Mr. 
Qarforth  could  give  the  meeting  any  idea  of  what  increased 
cost  would  be  placed  upon  the  working  of  coal,  by  the 
adoption  of  compressed  air.  It  would  also  be  interesting 
to  know  what  were  the  probabilities  of  risk,  through  the 
bursting  of  the  cartridges,  when  handled,  in  and  about  the 
working  of  the  machine. 

Mr.  G.  Wild  said  he  had  the  pleasure  of  witnessing  the 
experiments  that  were  conducted  the  previous  evening,  at 
the  Bower  Colliery,  and  he  must  say  that,  so  far  as  the 
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throwing  down  of  the  coal  was  oonoemed,  the  effect  of  com- 
pressed air  seemed  quite  equal  to  that  of  gunpowder.  The 
coal  was  not  very  much  broken,  but  it  was  broken  sufficiently 
to  split  up  for  filling.  The  time  occupied  certainly  was  long ; 
and  looking  at  the  matter  in  all  its  bearings,  he  thought 
much  woidd  need  to  be  done  before  the  apparatus  could 
supplant  gunpowder,  where  gunpowder  was  admissible.  As 
a  scientific  experiment,  however,  it  seemed  to  him  to  be 
quite  a  success.  The  enormous  pressure  that  was  obtained, 
and  the  time  that  elapsed  before  the  explosion  of  the  cart- 
ridge, seemed  to  come  in  very  well  with  previous  calculations. 
The  cartridge  burst  at  a  pressure  of  9550  lbs.,  and  the  cal- 
ctdation  had  been  from  9000  lbs.  to  10,000  lbs.  Altogether, 
it  seemed  to  him  to  be  a  good  start,  and  might  be  the 
forerunner  of  something  that  would  supersede  gunpowder. 
The  blasting  of  the  cartridge  was  somewhat  like  the 
bursting  of  a  shell.  The  cartridge,  he  should  say,  broke 
into  a  score  of  pieces,  and  the  whole  of  the  pieces  lay 
just  below  the  hole.  The  coal  is  thrown  down  just  as 
a  shot  would  have  thrown  it  down.  He  (Mr.  Wild)  asked 
Mr.  Smith,  the  manager  of  the  colliery,  how  a  shot  would 
have  been,  as  compared  with  that ;  and  he  said  that  it  would 
be  about  the  same,  except  that  the  lumps  were  rather  larger, 
but  it  was  quite  as  clean  as  a  shot. 

Mr.  Grimshaw  said  that  he  also  was  present  at  the  exper- 
iments at  the  Bower  Colliery.  The  delay  in  the  firing  of 
the  cartridges  were  mainly  owing  to  some  small  defects, 
which  would  have  to  be,  and  could  be,  overcome  in  the  com- 
pressing machine.  The  cartridge  was  about  half-an-inch 
thick,  and  llf  in.  by  2in.  or  so,  inside,  and  the  time  taken  up 
in  exploding  the  shell — for  it  was  nothing  more  than  that — 
when  the  machine  was  got  into  order,  was  about  nine 
minutes.  There  was  very  little  slack  made.  The  coal  was 
not  much  blown,  but  it  was  blown  down,  not  in  large  lumps 
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-^lie  sappofled  that  would  be  on  account  of  tJie  cleaTagm)^ 
bat  in  lumps  that  would  be  readily  split  and  filled  into  round 
coaL  He  had  not  the  slightRfft  doubt,  after  seeing  the 
oq^eriment,  and  after  going  into  the  place  immediately  aftor 
the  shot  had  beoi  fired,  that  the  little  failures  that  existed 
in  the  machine  would  be  overcome,  simply  because,  in  any 
experiment  of  that  sort,  it  was  the  details  that  interfered 
with  success ;  and  they  have  to  be,  and  in  this  case  no  doubt 
will  be,  overcome  one  by  one.  At  a  previous  experiment, 
the  cartridge  was  so  completely  shattered  that  he  counted 
35  pieces ;  but  the  ends,  being  about  l}in.  thick  as  against 
the  half-inch  of  the  body,  remained  intact.  The  pipe  also, 
connected  with  the  cartridge,  through  which  the  air  was 
compressed,  remained  intact,  and  could  be  unscrewed  from 
the  end  of  the  cartridge.  There  seemed  to  be  a  kind  of 
Scotch  mist  created  by  the  explosion,  and  at  Bower  Colliery 
(the  place  in  which  the  last  experiment  was  made),  though 
cool  before,  was  very  much  cooler  after  the  blast. 

Mr.  Pe^ocax  said  that  he  was  present  at  the  first  trials 
with  compressed  air,  made  at  TTigan  last  year,  and  a 
difficulty  then  seemed  to  be  the  large  escape  of  air  between 
the  machine  and  the  shelL  He  did  not  gather  from  the 
paper,  how  the  connection  is  made  by  Mr.  Grarforth. 

Mr.  Haij.  said  it  was  no  doubt  verj-  important  that  some- 
thing should  be  introduced  in  place  of  gunpowder.  TTedges 
in  large  numbers  had  been  tried,  and  he  thought  he  had 
tested  most  of  them  personally.  Hydraulic  driven  wedges 
seemed  to  fail  because  the  action  was  slow,  and  the  others 
failed  because  the  manual  labour  was  too  great.  In  the  use 
of  compressed  air  (and  he  said  this  not  to  discourage  Mr. 
Garforth  but  rather  to  give  him  assistance)  there  were  two 
or  three  weak  points.  First,  he  seemed  to  think  that 
90001b.  pressure  would  be  sufficient  to  bring  down  hard 
ooal.     It  was  a  mistake  to  assume  any  pressure  less  than 
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that  exerted  by  gunpowder,  for  bringing  down  hard  coal, 
and  that  was  at  least  four  times  90001b.  per  square  inch. 
With  reference  to  carrying  a  vessel  containing  compressed 
air  into  the  workings  and  transferring  the  pressure  from 
that  into  the  vessel  already  in  the  coal,  his  opinion  was  that, 
in  that  operation  an  immense  amount  of  the  pressure  would 
be  lost,  because  the  air  must,  in  that  case,  be  expanded  into 
twice  the  original  space.  Thus  at  least  half  the  pressure 
would  disappear.  This  would  be  a  very  great  drawback. 
He  believed  also  it  would  be  found  that  there  was  great 
difficulty  in  preventing  injury  to  the  pipe  through  which  the 
air  passed  by  the  falling  coal.  There  was  another  point 
which  he  (Mr.  Hall)  advanced  with  great  diffidence ;  it 
seemed  to  him  a  question  whether  it  was  possible  to  have 
any  sudden  expansion  of  gasses — air,  if  they  liked — 
approaching  anything  like  gunpowder  in  force  without 
producing  flames.  He  might  be  wrong  in  that;  he  just 
mentioned  it  so  that  it  might  be  taken  into  consideration. 

Mr.  Woodward  said  the  one  difficulty  that  presented 
itself  to  his  mind  was,  that  in  applying  Mr.  Garforth's 
suggestions  to  a  large  colliery,  where  they  had  a  large  number 
of  working  places,  the  cost  would  be  a  most  serious  con- 
sideration. Ghmpowder  was  very  cheap  and  very  portable, 
and  the  question  was  how  would  the  use  of  compressed  air 
compare  with  it  as  to  cost?  Moreover,  upon  the  system 
described  by  Mr.  Gfarforth  (of  course  it  might  be  capable  of 
improvement),  he  did  not  think  they  got  anything  like  the 
pressure  of  the  commonest  gunpowder  that  was  used.  Then 
there  was  the  question  of  portability  and  the  difficulty  of 
pipes.  He  had  had  something  to  do  with  compressed  air, 
and  at  the  present  time  was  using  it  for  a  good  many 
purposes ;  and  the  difficulty  he  found  was  the  great  costliness 
of  the  pipes  for  conveying  the  compressed  air  either  to  drills 
or  any  machine  whatever  for  which  they  might  be  using  it. 
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Even  at  the  low  pressure  of  1601b.  they  found  an  indiarubber 
pipe  lined  with  copper  wire,  a  very  expensive  commodity ; 
and  it  was  of  importance  in  such  a  matter  to  reduce,  as  far 
as  possible,  the  expense.  Then  there  was  the  point  mentioned 
by  Mr.  Grimshaw.  He  said  that  after  the  explosion  of  the 
cartridge  a  sort  of  Scotch  mist  was  perceptible.  The 
question  was — what  effect  would  that  mist  have  upon  the 
roofs  of  some  mines,  because  dampness  in  many  mines  was 
the  cause  of  considerable  displacements  and  falls  of  roof. 
Of  course,  if  anything  could  be  applied  in  the  place  of  gun- 
powder, they  ought  to  do  everything  in  their  power  to  bring 
it  into  use.  Gunpowder,  there  was  no  doubt,  was  a  source 
of  danger,  but  then,  as  to  compressed  air,  there  came  the 
question  of  applying  it.  Could  an  ordinary  collier  be 
trusted  to  apply  that  power  in  his  working  place?  That, 
to  his  mind,  was  a  most  important  consideration.  In  an 
ordinary  colliery  there  would  be,  perhaps,  100  colliers,  all 
using  gunpowder.  How  long  would  it  take  to  bring  those 
colliers  to  apply  compressed  air  instead,  or  safe  to  leave  it  in 
their  hands  under  great  pressures  ?  Those  were  one  or  two 
points  which  presented  themselves  to  his  mind  as  matters  of 
difficidty.  Of  course,  if  it  came  to  be  adopted,  men  would, 
no  doubt,  be  educated  up  to  the  use  of  it. 

Mr.  Radcliffe  said  he  had  seen  the  experiments  described, 
and  was  of  opinion,  from  the  effects  of  the  blast,  that 
compressed  air  did  its  work  in  a  manner  quite  equal  to  or 
better  than  powder  would  have  done  it.  It  did  not  scatter 
the  coal,  and  he  could  have  stood  within  a  couple  of  yards 
with  perfect  impunity.  He  took  up  some  of  the  fragments 
of  the  shell  immediately  below  the  hole  in  which  it  had 
rested  prior  to  the  explosion.  With  reference  to  the 
supposed  loss  of  pressure,  he  was  of  opinion  that  it  woidd  be 
extremely  small.  The  pressure  could  be  maintained  even 
after  having  to  fill  the  pipes  and  the  cartridge.     The  pipes 
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did  not  need  to  be  long.  The  air  yessel  could  be  placed  a 
few  feet  from  the  cartridge,  and  the  valye  turned  by  other 
means  than  the  hand.  The  blast  had,  imdeubtedly,  a  cooling 
effect  upon  the  working  place,  but  he  perceiyed  no  smoke  or 
vapour.  That  was  an  important  point  in  some  collieries, 
where  a  large  quantity  of  gunpowder  was  now  used. 

Mr.  G.  Wild  said  that,  as  Mr.  Grimshaw  had  already 
remarked,  the  place  felt  quite  cool  after  the  explosion.  He 
went  into  it  directly  after,  but  perceived  none  of  the  mist 
which  Mr.  Grimshaw  said  was  noticeable  in  the  boiler. 

Mr.  Martin  said  that  one  evening  last  week,  at  Mr. 
Gbrforth's  works,  he  saw  a  cartridge  exploded  under  a 
comparatively  low  pressure  (75001b.),  and  was  surprised  at 
the  small  size  of  the  fragments.  He  did  not  think  it  at 
all  likely  that  flame  would  be  generated  by  the  explosion. 
In  the  trial  at  Bower  Colliery  which  was  referred  to,  the 
coal  was  undoubtedly  very  strong,  but  it  was  holed,  he 
thought,  beyond  the  average  distance.  The  danger  of 
carrying  the  loaded  shells  about,  he  considered  an  important 
point. 

The  Chairman  :  Did  you  notice  the  mistP 

Mr.  Martin,  Yes !  but  not  particularly. 

Mr.  Grimshaw  said  there  was  a  very  distinct  mist  in  the 
first  experiment.  There  was  a  good  air  going  into  the  miae 
at  the  time  of  the  experiment  on  Monday  evening,  but  there 
was  a  distinctly  damp  feeling  in  entering  the  place  imme- 
diately after  the  cartridge  had  exploded. 

Mr.  HoLLiNGwoRTH  Said  the  mist,  he  thought,  would 
be  the  result  of  coolness,  owing  to  the  expansion  of  the  air. 
He  would  like  to  know  if  the  shock  arising  from  the  blast 
would  not  be  liable  to  explode  the  vessel  containing  the 
compressed  air. 

The  Chairman  said  that  was  the  risk.  The  study  of 
explosives  seemed  to  have  been  hitherto  chiefly  directed  in 
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Mr.  Macnab,  of  South  Wales,  and  this  was  followed,  some 
time  afterwards,  by  Mr.  Marsh's  patent.  These  gentlemen, 
therefore,  may  be  said  to  be  the  originators  of  the  compressed 
air  cartridge  principle. 

As  my  intention  is  to  lay  before  you  the  result  of 
experiments  with  compressed  air  at  a  pressure  of  SOOOlbs- 
and  upwards  per  square  inch,  I  will  endeavour  to  explain  the 
principle  as  briefly  as  possible. 

About  two  years  ago  a  machine  was  invented  which  can 
now  be  worked  by  two  men.  It  is  portable,  and  of 
dimensions  suitable  for  even  small  mines,  and  by  means 
of  it  air  has  been  compressed  to  946  atmospheres,  or 
14,2001bs.  per  square  inch.  After  the  air  is  compressed  it  is 
conveyed  through  wrought  iron  pipes  to  a  cast  iron  cartridge, 
say  11|  inches  long,  which  is  placed  in  a  hole  drilled 
in  the  coal,  from  30  to  40  inches  deep,  and  when  the 
breaking  strain  of  the  cartridge  (which  is  ascertained 
beforehand)  is  reached,  it  bursts  and  breaks  down  the  coal. 
No  doubt  there  are  many  members  present  who  have  air 
compressing  engines  working  at  401b8.  or  GOlbs.  pressure 
per  square  inch,  for  the  pui*pose  of  driving  underground 
hauling  and  pumping  engines,  who  will  admit  that  in 
trying  to  compress  air  to  701bs.  or  801bs.  pressure  per 
square  inch  they  have  experienced  many  disappointments, 
owing  to  the  air  valves  proving  defective,  loss  of  air 
through  "churning,"  and  the  exhaust  passages  getting 
blocked  with  ice  and  snow.  Considering  these  difficulties 
it  will  readily  be  understood  the  trouble  that  has  been  experi- 
enced in  obtaining  a  pressure  of  14,2001b8.  per  square  inch. 

Although  I  should  like  to  enter  into  a  full  accoimt 
of  the  construction  of  the  machine,  and  of  the  manner  in 
which  this  enormous  pressure  is  obtained,  also  as  to  the 
theory  of  the  vaporized  state  of  highly  compressed  air, 
yet,  as  this  detailed  information  would  occupy  too  much 
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time,  and  a  yiew  and  examination  of  the  machine  would  be 
a  simpler  method  of  enabling  you  to  understand  its  con- 
struction, I  propose  in  this  paper  to  simply  inform  you  that 
the  rams  or  plungers  of  the  machine  are  comparatively  a  loose 
fit,  the  valves  are  as  simple  as  the  commonest  pump  clack  or 
bucket  (and  can  be  changed  in  two  or  three  minutes  time), 
and  all  the  parts  are  extremely  simple  in  construction  and 
not  liable  to  derangement.  With  regard  to  the  form 
and  strength  of  the  pipes  and  cartridge  several  obstacles 
had  to  be  overcome.  In  the  first  instance  the  cartridges 
were  made  by  Mr.  Marsh  of  tin,  afterwards  of  cast  iron — 
the  latter  were,  however,  very  imperfect  in  construction, 
varying  in  thickness  as  much  as  i\  of  an  inch,  and  altogether 
unreliable.  This  was  one  of  the  reasons — though  not  the 
principal  one — why  the  experiments  Mr.  Marsh  conducted  at 
Wigan  were  so  unsuccessful.  The  cartridges  are  now  made 
by  means  of  a  machine,  and  are  so  perfect  and  regular  that 
by  adding  ^\  of  an  inch  to  the  internal  diameter  the  bursting 
pressure  can  be  ascertained  to  '25  per  cent,  between  one 
cartridge  and  another,  and  this  uniformity  has  many  times 
been  proved  by  actual  experiment. 

At  my  suggestion,  and  by  the  kind  permission  of  Mr. 
Bothwell,  the  machine  was,  some  months  ago,  taken  down 
one  of  the  collieries  at  Denton.  The  first  attempt  to  break 
down  coal  was  a  failure,  owing  to  the  cartridge  not  being  a 
tight  fit  in  the  hole,  which  had  been  made  by  a  common 
drill  in  the  ordinary  way,  and  instead  of  the  bursting 
cartridge  producing  an  immediate  and  sudden  efiect  on  the 
coal  it  was  gradual,  and  simply  resiilted  in  the  air  aroimd 
the  cartridge  being  compressed. 

I  have  had  the  experiments  which  were  made  by  Mr. 
Marsh  at  "Wigan  fully  described  to  me,  and  considering  the 
important  alterations  which  have  since  been  made,  among 
others,  in  driving  the  machine  (which  now  only  requires  one 
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half  the  power  it  formerly  did) ;  the  improvements  in  the 
cartridges,  but  especially  as  regards  the  hole  being  properly 
drilled,  I  can  easily  understand  that  without  these  vital 
improvements  the  experiments  at  Wigan  could  not  be  less 
than  a  failure.  After  the  first  experiment  at  Denton  I 
suggested  to  Mr.  Reuss  that  the  hole  in  the  coal  should  be 
drilled  by  a  small  machine,  and  made  so  true  that  the 
cartridge  would  fit  it  tightly,  so  that  if  possible  not  a  unit 
of  force  should  be  lost.  Without  describing  the  numerous 
visits  which  Mr.  E.  Reuss  and  I  have  made  down  the  pit  to 
perfect  this  drilling  machine,  nor  the  principle  that  coal  can 
be  chipped  much  easier  than  ground,  I  may  state  that  by 
constant  thought  on  Mr.  Reuss'  part,  the  drilling  machine  is 
now  so  perfect  that  it  can  be  easily  fixed  ready  for  drilling 
without  props  and  at  any  angle,  also  that  it  has  often  bored 
a  hole  in  the  coal  six  inches  in  depth  in  two  minutes  time. 

After  several  months  experimenting  with  the  drilling 
machine  another  trial  was  made  to  burst  down  the  coal,  and 
was  so  far  successful  as  to  wurnint  the  construction  of  an 
entirely  new  machine,  capable  of  compressing  air  to  1323 
atmospheres,  or  20,000lbs.  pressure  on  the  square  inch, — one 
that  would  remedy  the  many  defects  of  Mr.  Marsh's  old 
machine,  which  had  been  found,  during  the  experiments, 
weak  in  most  of  the  working  parts, — and,  in  having  only 
four  rams,  the  turning  was  irregular,  and  the  supply  of 
air  intermittent.  This  new  macliinc  has  been  made  by 
Messrs.  Garforth,  of  Dukinfield,  and  has  ali'eady  compressed 
air  to  14,200lbs.  per  square  inch,  or  946  atmospheres,  and  is 
capable,  I  fully  believe,- of  giving  20,000lbs.  pressure  per 
square  inch.  It  is  neither  so  high,  so  long  as  the  first 
machine,  being  only  4ft.  5in.  long,  3ft.  4in.  high,  and  20 
inches  wide,  and  weighing  Scwts.  2qrs.  71bs.,  including  draw 
bar,  handles,  and  all  accessories.  It  can  be  adapted  to  any 
guage  on  an  ordinary  coUiery  tramway. 
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By  the  kind  penmssion  of  Messrs.  Marland,  of  HoUin- 
wood,  and  Mr.  Smith  their  manager,  a  trial  was  made  at 
Bower  Colliery,  in  the  presence  of  some  members  of  this 
Society,  under  the  following  conditions : — 

The  coal  is  known  as  the  Bower  Mine ;  it  is  5 
feet  thick,  and  of  a  very  hard  nature;  it  was  undercut 
to  a  depth  of  4ft.  6in.,  and  by  the  drilling  machine  a 
perfectly  true  hole  was  cut  39iin.  in  depth,  and  7ft.  from 
the  cut  end  of  the  coal.  The  cast  iron  cartridge  11  ^in. 
long,  S^^in.  diameter,  iVin.  thick,  was  then  put  in  this 
hole,  and  stemmed  tight,  the  pipes  and  machine  were  next 
attached,  and  at  95501bs.,  or  636  atmospheres,  pressure  per 
square  inch  the  coal  was  broken  down.  The  quantity  was 
estimated  at  between  5  and  6  tons. 

Having  now  described  to  you  some  of  the  difficulties 
which  have  been  experienced  in  perfecting  the  cartridge, 
the  air  compressing,  and  drilling  machines,  and  also  the 
effect  of  95501bs.  pressure  on  the  coal,  I  will  endeavour  to 
place  before  you  my  ideas  of  how  this  power  can  be  utilised. 

I  must  first  state  that  among  other  points  the  following 
have  been  proved : — 

(a.)  That  14,2001bs.  has  been  (and  I  venture  to  think 
20,0001bs.  pressure  per  square  inch  may  be),  obtained. 

(b.)  That  a  pressure  of  95501b8.  has  been  proved  to 
be  sufficient  to  break  down  the  coal  in  a  hard  mine  like  that 
at  Bower  Colliery. 

(c.)  When  the  air  at  these  great  pressures  is  obtained, 
it  can  be  kept  for  hours  both  in  the  machine  pipes  and 
cartridges. 

In  making  the  following  suggestion  as  to  how  this 
power  may  be  utilised,  I  think  a  machine  to  meet  the 
requirements  of  deep  mining  should  be  one  that  would 
not  require  much  manual  labour,  owing  to  the  high  tem- 
perature consequent  on  deep  and  extensive  workings. 
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What  I  propose  is  to  use  a  vessel  or  small  receiver  made 
so  very  strong  that  the  bursting  point  will  be  six  or  seven 
times  the  required  pressure, — one  proved  beyond  doubt  to  be 
perfectly  safe  in  transit,  also  of  such  a  capacity  as  will  allow 
the  highly  compressed  air  to  expand  into  the  pipes  and 
cartridges  without  reducing  the  pressure  below  the  known 
bursting  point  of  such  cartridge.  The  air  compressing 
machine  necessary  to  fill  this  receiver  with  highly  com- 
pressed air  may  be  fixed  on  the  surface,  or,  if  preferred,  at 
the  bottom  of  the  shaft,  and  worked  by  steam  or  com- 
pressed air  at  401bs.  pressure  per  square  inch  in  the  ordinary 
way.  These  portable  receivers  should  then  be  charged 
with  air  of  the  required  pressure,  sent  into  the  various 
working  places,  attached  by  means  of  a  special  valve  and 
pipes  to  the  cartridge  placed  in  the  coal,  and  then  by  simply 
opening  such  valve  the  air  in  the  receiver  would  rush  into  and 
explode  the  cartridge,  at  the  same  time  breaking  down  the 
coal  without  requiring  much  manual  labour.  Of  course  it 
will  be  understood  that  the  receiver  can  either  be  placed  at  a 
safe  distance,  or  to  obviate  the  use  of  pipes,  it  can  be 
placed  near  to  the  face  of  the  coal,  and  the  valve  opened 
by  other  means. 

If  the  expansion  of  the  air  necessitated  a  larger 
receiver,  a  small  hydraulic  pump  could  be  connected  to  it, 
and  by  forcing  water  through  a  valve  opening  upwards,  the 
water  would  then  occupy  the  space  of  the  air,  and  by  this 
means  any  pressure  which  had  been  lost  through  expansion 
could  be  recovered,  and  if  necesaarv  increased.  As 
water  is  comparatively  speaking  incompressible,  the  time 
taken  to  effect  this  operation  would  not  be  long,  nor  the 
labour  very  great  and  the  same  water  could  be  used  over 
and  over  again.  This  arrangement  is  the  one  which  I  think 
will  be  eventually  adopted. 

In    the    same    way    in    which    machines    are  altered 
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and  the  original  idea  improved  upon,  I  feel  oonvinced 
that  in  a  short  time  this  great  force  of  10,000,  15,000, 
or  20,0001bs.  pressure  per  square  inch  will  be  so  utilised 
that  we  shall  be  able  to  put  into  the  hands  of  the  miner 
a  power  which,  if  gunpowder  and  other  explosives 
are  prohibited,  will  enable  him  to  get  coal  with  the  same 
facilities  as  now,  but  above  all  without  loss  of  life  from 
blown  out  shots  and  explosions,  and  without  the  production 
of  deleterious  gases,  which  so  seriously  affect  the  ventilation 
of  any  mine. 

It  may  appear  strange  to  old  miners  to  propose  to 
place  small  machines  in  the  hands  of  each  workman,  but 
certainly  not  more  so  than  it  did  to  engineers  when  men 
chipped  or  worked  by  hand  what  is  now  done  by  plane- 
ing,  riveting,  or  other  machines.  When  we  consider  the 
restrictions  at  present  placed  upon  the  use  of  gunpowder 
and  other  explosives  in  mines,  and  that  every  day  the  coal 
to  be  gotten  lies  at  a  greater  depth,  and  the  difficulties  in 
getting  increase  more  than  pro  rata  with  such  depth,  I  think 
there  can  be  little  doubt  that  in  a  few  years  Government  will 
either  entirely  prohibit  or  place  more  stringent  restrictions 
on  the  use  of  gunpowder. 

I  now  propose  to  compare  the  system  of  breaking  down 
coal  by  means  of  gunpowder  with  that  of  compressed  air  at 
SOOOlbs.  pressure  or  upwards  per  square  inch. 

The  undermining  of  the  coal  will  in  both  cases 
be  about  the  same,  also  the  time  taken  to  drill  the  hole, 
provided  the  machine  drill  is  used. 

If  the  arrangement  of  receiver,  as  proposed  in  the  foregoing 
remarks,  be  carried  out,  then  the  time  taken  to  fire  the 
gunpowder  or  burst  the  cartridge  by  compressed  air  will 
likewise  be  about  the  same. 

In  stemming  the  hole  there  will  be  a  gain  in  favour  of 
g^powder  of  about  ten  minutes,  but  at  a  much  greater  risk. 
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H,  instead  of  the  portable  receiver  the  machine  had  to 
compress  the  air  to  the  required  pressure,  then  there  is  a  gain 
of  25  to  35  minutes  in  favour  of  gunpowder;  but,  as  we 
are  all  aware,  after  an  explosion  of  gunpowder,  the  working 
place,  if  not  well  ventilated,  is  so  filled  with  powder  smoke 
for  a  quarter,  half,  or  even  three-quarters  of  an  hour,  that 
the  advantage  gained  in  the  time  is  quite  coimterbalanced. 

Compressed  air,  however,  possesses  advantages  over 
gunpowder,  as  regards  its  safety,  which  cannot  be  .too 
highly  estimated. 

I  think  everyone  connected  with  mining  will  admit 
that  the  time  has  now  arrived  for  some  power  to  be  found  to 
supply  the  place  of  gunpowder  if  it  be  prohibited,  to  enable  us 
to  get  coal  as  economically  in  the  future  as  now. 

.Should  gunpowder  and  other  explosives  be  prohibited, 
what  is  the  next  best  means  of  supplying  their  place  ?  I 
think,  for  the  reasons  I  have  stated,  that  compressed  air  will 
stand  foremost  as  a  substitute,  more  especially  on  account 
of  its  safety,  and  although  monetary  considerations  may  to 
a  certain  extent  weigh  with  some  people,  yet  no  one  can 
for  a  moment  deny,  after  seeing  the  lavish  expenditure 
made  by  colliery  proprietors  for  the  safety  of  their  men, 
that  sa/eti/  is  the  main  consideration  both  of  mine  owners 
and  their  managers. 

Mr.  John  Higson  said  he  should  be  glad  to  know  if  Mr. 
Garforth  could  give  the  meeting  any  idea  of  what  increased 
cost  would  be  placed  upon  the  working  of  coal,  by  the 
adoption  of  compressed  air.  It  would  also  be  interesting 
to  know  what  were  the  probabilities  of  risk,  through  the 
bursting  of  the  cartridges,  when  handled,  in  and  about  the 
working  of  the  machine. 

Mr.  G.  Wild  said  he  had  the  pleasure  of  witnessing  the 
experiments  that  were  conducted  the  previous  evening,  at 
the  Bower  Colliery,  and  he  must  say  that,  so  far  as  the 
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throwing  down  of  the  coal  was  oonoemed,  the  eiSect  of  com- 
pressed air  seemed  quite  equal  to  that  of  gunpowder.  The 
coal  was  not  very  much  broken,  but  it  was  brcken  sufficiently 
to  split  up  for  filling.  The  time  occupied  certainly  was  long ; 
and  looking  at  the  matter  in  all  its  bearings,  he  thought 
much  would  need  to  be  done  before  the  apparatus  could 
supplant  gunpowder,  where  gunpowder  was  admissible.  As 
a  scientific  experiment,  however,  it  seemed  to  him  to  be 
quite  a  success.  The  enormous  pressure  that  was  obtained, 
and  the  time  that  elapsed  before  the  explosion  of  the  cart- 
ridge, seemed  to  come  in  very  well  with  previous  calculations. 
The  cartridge  burst  at  a  pressure  of  9550  lbs.,  and  the  cal- 
culation had  been  from  9000  lbs.  to  10,000  lbs.  Altogether, 
it  seemed  to  him  to  be  a  good  start,  and  might  be  the 
forerunner  of  something  that  would  supersede  gunpowder. 
The  blasting  of  the  cartridge  was  somewhat  like  the 
bursting  of  a  shell.  The  cartridge,  he  should  say,  broke 
into  a  score  of  pieces,  and  the  whole  of  the  pieces  lay 
just  below  the  hole.  The  coal  is  thrown  down  just  as 
a  shot  would  have  thrown  it  down.  He  (Mr.  Wild)  asked 
Mr.  Smith,  the  manager  of  the  colliery,  how  a  shot  would 
have  been,  as  compared  with  that ;  and  he  said  that  it  would 
be  about  the  same,  except  that  the  lumps  were  rather  larger, 
but  it  was  quite  as  clean  as  a  shot. 

Mr.  Grimshaw  said  that  he  also  was  present  at  the  exper- 
iments at  the  Bower  Colliery.  The  delay  in  the  firing  of 
the  cartridges  were  mainly  owing  to  some  small  defects, 
which  would  have  to  be,  and  could  be,  overcome  in  the  com- 
pressing machine.  The  cartridge  was  about  half-an-inch 
thick,  and  llf  in.  by  2in.  or  so,  inside,  and  the  time  taken  up 
in  exploding  the  shell — ^for  it  was  nothing  more  than  that — 
when  the  machine  was  got  into  order,  was  about  nine 
minutes.  There  was  very  little  slack  made.  The  coal  was 
not  much  blown,  but  it  was  blown  down,  not  in  large  lumps 
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— (he  supposed  that  would  be  on  account  of  the  cleavagee), 
but  in  lumps  that  would  be  readily  split  and  filled  into  round 
coal.  He  had  not  the  slightest  doubt,  after  seeing  the 
experiment,  and  after  going  into  the  place  immediately  after 
the  shot  had  been  fired,  that  the  little  failures  that  existed 
in  the  machine  would  be  overcome,  simply  because,  in  any 
experiment  of  that  sort,  it  was  the  details  that  interfered 
with  success ;  and  they  have  to  be,  and  in  this  case  no  doubt 
will  be,  overcome  one  by  one.  At  a  previous  experiment, 
the  cartridge  was  so  completely  shattered  that  he  counted 
35  pieces ;  but  the  ends,  being  about  l^in.  thick  as  against 
the  half-inch  of  the  body,  remained  intact.  The  pipe  also, 
connected  with  the  cartridge,  through  which  the  air  was 
compressed,  remained  intact,  and  could  be  unscrewed  from 
the  end  of  the  cartridge.  There  seemed  to  be  a  kind  of 
Scotch  mist  created  by  the  explosion,  and  at  Bower  Colliery 
(the  place  in  which  the  last  experiment  was  made),  though 
cool  before,  was  very  much  cooler  after  the  blast. 

Mr.  Penman  said  that  he  was  present  at  the  first  trials 
with  compressed  air,  made  at  Wigan  last  year,  and  a 
difficulty  then  seemed  to  be  the  large  escape  of  air  between 
the  machine  and  the  shell.  He  did  not  gather  from  the 
paper,  how  the  connection  is  made  by  Mr.  Garforth. 

Mr.  Half,  said  it  was  no  doubt  verj-  important  that  some- 
thing should  be  introduced  in  place  of  gunpowder.  Wedges 
in  large  numbers  had  been  tried,  and  he  thought  he  had 
tested  most  of  them  personally.  Hydraulic  driven  wedges 
seemed  to  fail  because  the  action  was  slow,  and  the  others 
failed  because  the  manual  labour  was  too  great.  In  the  use 
of  compressed  air  (and  he  said  this  not  to  discourage  Mr. 
Garforth  but  rather  to  give  him  assistance)  there  were  two 
or  three  weak  points.  First,  he  seemed  to  think  that 
90001b.  pressure  would  be  sufficient  t-o  bring  do\ni  hard 
coal.     It  was  a  mistake  to  assume  any  pressure  less  than 
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that  exerted  by  gunpowder,  for  bringing  down  hard  coal, 
and  that  was  at  least  four  times  90001b.  per  square  inch. 
With  reference  to  carrying  a  vessel  containing  compressed 
air  into  the  workings  and  transferring  the  pressure  from 
that  into  the  vessel  already  in  the  coal,  his  opinion  was  that, 
in  that  operation  an  immense  amount  of  the  pressure  would 
be  lost,  because  the  air  must,  in  that  case,  be  expanded  into 
twice  the  original  space.  Thus  at  least  half  the  pressure 
would  disappear.  This  would  be  a  very  great  drawback. 
He  believed  also  it  would  be  found  that  there  was  great 
difficulty  in  preventing  injury  to  the  pipe  through  which  the 
air  passed  by  the  falling  coal.  There  was  another  point 
which  he  (Mr.  Hall)  advanced  with  great  diffidence ;  it 
seemed  to  him  a  question  whether  it  was  possible  to  have 
any  sudden  expansion  of  gasses — air,  if  they  liked — 
approaching  anything  like  gunpowder  in  force  without 
producing  flames.  He  might  be  wrong  in  that;  he  just 
mentioned  it  so  that  it  might  be  taken  into  consideration. 

Mr.  Woodward  said  the  one  difficulty  that  presented 
itself  to  his  mind  was,  that  in  applying  Mr.  Garforth's 
suggestions  to  a  large  colliery,  where  they  had  a  large  nimiber 
of  working  places,  the  cost  would  be  a  most  serious  con- 
sideration. Gunpowder  was  very  cheap  and  very  portable, 
and  the  question  was  how  would  the  use  of  compressed  air 
compare  with  it  as  to  cost  ?  Moreover,  upon  the  system 
described  by  Mr.  Gttrforth  (of  course  it  might  be  capable  of 
improvement),  he  did  not  think  they  got  anything  like  the 
pressure  of  the  commonest  gunpowder  that  was  used.  Then 
there  was  the  question  of  portability  and  the  difficulty  of 
pipes.  He  had  had  something  to  do  with  compressed  air, 
and  at  the  present  time  was  using  it  for  a  good  many 
purposes ;  and  the  difficidty  he  found  was  the  great  costliness 
of  the  pipes  for  conveying  the  compressed  air  either  to  drills 
or  any  machine  whatever  for  which  they  might  be  using  it. 
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Even  at  the  low  pressure  of  1601b.  they  found  an  indiarubber 
pipe  lined  with  copper  wire,  a  very  expensive  commodity ; 
and  it  was  of  importance  in  such  a  matter  to  reduce,  as  far 
as  possible,  the  expense.  Then  there  was  the  point  mentioned 
by  Mr.  Grimshaw.  He  said  that  after  the  explosion  of  the 
cartridge  a  sort  of  Scotch  mist  was  perceptible.  The 
question  was — what  effect  would  that  mist  have  upon  the 
roofs  of  some  mines,  because  dampness  in  many  mines  was 
the  cause  of  considerable  displacements  and  falls  of  roof. 
Of  course,  if  anything  could  be  applied  in  the  place  of  gun- 
powder, they  ought  to  do  everything  in  their  power  to  bring 
it  into  use.  Gunpowder,  there  was  no  doubt,  was  a  source 
of  danger,  but  then,  as  to  compressed  air,  there  came  the 
question  of  applying  it.  Could  an  ordinary  collier  be 
trusted  to  apply  that  power  in  his  working  place  ?  That, 
to  his  mind,  was  a  most  important  consideration.  In  an 
ordinary  colliery  there  would  be,  perhaps,  100  colliers,  all 
using  gunpowder.  How  long  would  it  take  to  bring  those 
colliers  to  apply  compressed  air  instead,  or  safe  to  leave  it  in 
their  hands  imder  great  pressures  ?  Those  were  one  or  two 
points  which  presented  themselves  to  his  mind  as  matters  of 
difficulty.  Of  course,  if  it  came  to  be  adopted,  men  would, 
no  doubt,  be  educated  up  to  the  use  of  it. 

Mr.  Radcliffe  said  he  had  seen  the  experiments  described, 
and  was  of  opinion,  from  the  effects  of  the  blast,  that 
compressed  air  did  its  work  in  a  manner  quite  equal  to  or 
better  than  powder  would  have  done  it.  It  did  not  scatter 
the  coal,  and  he  could  have  stood  within  a  couple  of  yards 
with  perfect  impunity.  He  took  up  some  of  the  fragments 
of  the  shell  immediately  below  the  hole  in  which  it  had 
rested  prior  to  the  explosion.  With  reference  to  the 
supposed  loss  of  pressure,  he  was  of  opinion  that  it  would  be 
extremely  small.  The  pressure  could  be  maintained  even 
after  having  to  fill  the  pipes  and  the  cartridge.     The  pipes 
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did  not  need  to  be  long.  The  air  vessel  could  be  placed  a 
few  feet  from  the  cartridge,  and  the  valve  turned  by  other 
means  than  the  hand.  The  blast  had,  undeubtedly,  a  cooling 
effect  upon  the  working  place,  but  he  perceived  no  smoke  or 
vapour.  That  was  an  important  point  in  some  collieries, 
where  a  large  quantity  of  gunpowder  was  now  used. 

Mr.  G.  Wild  said  that,  as  Mr.  Grimshaw  had  already 
remarked,  the  place  felt  quite  cool  after  the  explosion.  He 
went  into  it  directly  after,  but  perceived  none  of  the  mist 
which  Mr.  Grimshaw  said  was  noticeable  in  the  boiler. 

Mr.  Maktin  said  that  one  evening  last  week,  at  Mr. 
Ghirforth's  works,  he  saw  a  cartridge  exploded  imder  a 
comparatively  low  pressure  (75001b.),  and  was  surprised  at 
the  small  size  of  the  fragments.  He  did  not  think  it  at 
all  likely  that  flame  would  be  generated  by  the  explosion. 
In  the  trial  at  Bower  CoUiery  which  was  referred  to,  the 
coal  was  undoubtedly  very  strong,  but  it  was  holed,  he 
thought,  beyond  the  average  distance.  The  danger  of 
carrying  the  loaded  shells  about,  he  considered  an  important 
point. 

The  Chairman  :  Did  you  notice  the  mist? 

Mr.  Martin,  Yes !  but  not  particularly. 

Mr.  Grimshaw  said  there  was  a  very  distinct  mist  in  the 
first  experiment.  There  was  a  good  air  going  into  the  mine 
at  the  time  of  the  experiment  on  Monday  evening,  but  there 
was  a  distinctly  damp  feeling  in  entering  the  place  imme- 
diately after  the  cartridge  had  exploded. 

Mr.  HoLLiNGWORTH  Said  the  mist,  he  thought,  would 
be  the  result  of  coolness,  owing  to  the  expansion  of  the  air. 
He  would  like  to  know  if  the  shock  arising  from  the  blast 
would  not  be  liable  to  explode  the  vessel  containing  the 
compressed  air. 

The  Chairman  said  that  was  the  risk.  The  study  of 
explosives  seemed  to  have  been  hitherto  chiefly  directed  in 
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from  the  surrounding  atmosphere,  which,  as  the  paper 
described,  produced  ice;  so  that  to  that  extent  if  the 
compressed  air  were  carried  into  the  mine  in  portable  vessels 
and  there  exploded  it  would  have  a  cooling  effect  in  deep 
mines,  which  was  very  important.  Then  doubts  had  been 
expressed  as  to  sufficient  pressure  being  obtainable  in  any 
way  comparable  to  the  pressure  of  gunpowder. 

Mr.  Reuss  said  that  the  gentlemen  who  had  already 
spoken  were  for  the  most  part  mining  engineers.  His 
business,  however,  had  only  been  to  make  a  machine, which 
would  effect  a  given  purpose.  In  the  Wigan  experiments 
the  cartridges  used  were  made  of  tin  or  cast  iron,  and  the 
internal  bore  being  uncertain  it  was  impossible  to  say  at 
what  pressure  they  would  explode  ;  therefore  his  first  con- 
sideration was  to  make  a  cartridge  that  would  go  off  at  a 
certain  pressure.  To  do  this  a  peculiar  machine  for  casting 
had  to  be  prepared,  so  that  a\  of  an  inch  could  be  added  to 
the  internal  bore,  each  3^8  inch,  so  added,  giving  an  addi- 
tional pressure  of  lOOOlbs.  This  pressure  was  further 
increased  when  the  cartridge  was  put  into  the  rock ;  for 
instance  a  cartridge  that  went  off  in  the  presence  of  Mr. 
Martin  the  other  day  at  75001bs. — if  that  had  been  put  into 
the  coal  experimented  on  the  previous  day  (Monday)  a 
pressure  of  ISOOlbs.  more  woidd  have  been  needed  to  make 
it  explode.  The  cartridge  used  at  the  Bower  Colliery  went 
off  at  a  pressure  of  9500  lbs.  and  he  was  informed  by  Mr. 
Qrimshaw  that  the  effect  upon  the  coal  was  the  same 
as  if  two  blasts  of  powder  hud  taken  place  with  l^lb. 
of  powder.  One  of  the  previous  speakers  had  made  a 
comparison  of  the  bore  exerted  by  powder  and  compressed 
air.  The  action  of  gunpowder  upon  coal  was  rather  to 
smash  it,  whilst  that  of  compressed  air  was  as  if  a  lever 
were  used  to  wedge  it  down  from  the  roof  or  sides  as  the 
case  might  be.     It  had  been  remarked  that,  in  former 
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experiments,  the  joints  of  the  machine  did  not  hold ;  the 
cause  of  that  was  the  suddenness  and  irregularity  of  the  differ- 
ent injections  of  air.  In  the  machine  they  now  had  in  use, 
and  which  might  be  seen  by  any  gentlemen  interested  in  the 
matter,  the  action  was  continuous — there  were  no  jumps. 

The  Chairman  asked  how  the  pressure  is  ascertained. 

Mr.  Reuss  said  there  are  two  pressure  guages,  one  to 
check  the  other. 

Mr.  John  Higson  asked  if  the  breaking  point  of  the  cart- 
ridge would  be  dependent  upon  the  nature  of  the  strata  in 
which  it  was  inserted — assuming  the  hole  to  be  drilled  by 
machinery,  so  that  a  perfect  fit  might  be  obtained. 

Mr.  Reuss  said  that  it  took  a  greater  pressure  to  blast  the 
same  cartridge  at  the  Bower  Colliery  than  it  would  have 
done  at  Denton,  where  the  coal  is  not  so  strong. 

Mr.  Garforth  said  he  did  not  know  whether  Mr.  Higson 
was  aware,  that  all  the  experiments  hitherto  had  been 
conducted  to  ascertain  what  pressure  could  be  obtained. 
But  he  had  endeavoured  to  show  that,  as  compared  with 
under-cutting,  the  difference  in  time  taken  between  com- 
pressed air  and  gunpowder  to  break  down  the  coal  would 
be  very  trifling.  The  cost  of  the  former,  he  admitted,  w^as 
more  than  that  of  gunpowder ;  but  against  the  cost  they 
must  put  the  additional  ^^afety,  which  was  of  the  greatest 
importance.  With  respect  to  the  supjwsed  danger  from 
the  machine  bursting,  he  might  say  the  barrels  were  made 
of  Whitworth's  compressed  steel,  and  therefore  stronger 
than  there  was  any  real  necessity  for.  When  the  air  was 
forced  through  the  valves,  there  was  not  the  same  danger 
of  giving  way  or  rebounding  in  the  machine  as  might  be 
imagined.  Mr.  Wild,  while  admitting  the  machine  had 
done  all  that  was  required,  stated  that  it  was  more  of  a 
scientific  experiment,  which  he  considered  hardly  a  fair 
definition,   as  the  results    were   eminently  practical.     In 
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answer  to  Mr.  Hall,  who  had  compared  the  force  of  gun- 
powder  with  that  of  compreesed  air,  he  might  say  the 
opudions  of  scientific  men  with  respect  to  the  force  of  gun- 
powder varied  very  considerably,  from  the  time  of  Sir 
Humphrey  Davy  to  that  of  Faraday,  but  Prof.  Abel  placed 
it  at  42  tons  to  the  square  inch — that  was,  gunpowder  of  a 
certain  quality — and  assuming  the  power  was  present  which 
had  to  be  overcome.  If,  however,  gunpowder  be  placed 
upon  a  plate  and  ignited,  it  explodes  with  a  puff;  but,  if 
the  same  quantity  were  confined  in  a  sufficiently  strong  and 
closed  vessel,  the  pressure  stated  would  be  exerted.  In 
the  same  way,  colliers  know  that  if  they  use  eight  ounces  of 
gunpowder  in  certain  mines,  it  breaks  the  coal  into  nearly 
all  small ;  and,  perhaps,  five  ounces  would  have  done  the 
work  adequately,  and  produced  a  better  result.  With  com- 
pressed air,  it  had  been  proved  that  with  a  hole  39 1  inches 
deep,  and  a  certain  distance  from  the  undercut,  it  required 
only  a  pressure  of  9o501bs.  per  square  inch  to  force  the  coal 
down  with  the  advantage  of  giving  a  large  proportion  of 
best  coal. 

The  Chairman  :  that  will  be  about  4^  tons  j^er  square  inch 
as  compared  with  40  tons  per  square  inch  by  gunpowder. 

Mr.  Gabforth  further  said  Mr.  Hall  had  also  doubted 
whether  the  pressure  could  be  maintained.  In  reply  he 
might  say,  that  he  had  in.  experimenting  at  6000  lbs. 
proved,  that  this  pressure  can  be  maintained  for  several 
hours,  and  when  the  construction  of  the  valves  was 
understood,  he  thought  it  would  be  admitted  that  there  was 
nothing  by  which  the  pressure  could  be  lost.  The  presence 
of  mist,  after  the  explosion,  might  be  explained  by  the  fact 
that  a  certain  quantity  of  water  was  forced  into  the  receiver 
with  each  stroke  of  the  pump.  The  vapour  was,  as  it  were, 
held  in  mechanical  suspension ;  and  he  argued  that  there 
was  not  sufficient  heat  in  the  place  to  hold  it  in  suspension 
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for  any  length  of  time^  as  it  was  heavier  than  air,  it  must 
naturally  fall  to  the  ground.  They  had  never  found  the 
roof  of  a  mine  in  that  clammy  wet  state,  which  it  would 
be  in  if  any  large  amount  was  given  off.  Mr.  Grimshaw's 
remark,  he  thought,  was  not  so  much  with  regard  to  mist 
being  given  off  in  the  mine,  as  to  that  which  he  perceived 
in  the  boiler  when  a  cartridge  was  exploded,  simply  to  show 
him  what  pressure  coidd  be  got.  There,  it  was  confined  in 
a  very  small  space;  and,  consequently,  all  the  more  per- 
ceptible. In  reply  to  Mr.  Woodward,  he  thought  his  (Mr. 
Garforth's)  idea  could  be  carried  out,  and  receivers  made 
sufficiently  strong  to  stand  a  test  of  seven  or  eight  times,  or 
even  more,  th«n  the  working  pressure;  then  the  miners, 
being  assured  of  their  safety,  could  be  induced  without 
much  difficulty  to  use  them. 

Mr.  Martix  asked  what  the  cost  of  the  cartridge  woidd 
be. 

Mr.  Garfortii  said  he  could  not  state  the  cost  exactly. 
But  by  adopting  a  cheaper  mode  of  fixing  the  pipes  to  the 
cartridge,  and  by  having  the  latter  made  of  steel,  the  cost 
would  be  considerably  less  than  it  was  at  present,  and 
perhaps  better  results  would  be  obtained. 


NOTES  ON  SOME  TRIASSIC  BORINGS. 
By  C.  E.  De  Range,  Assoc.MJnst.C.E.,  F.G.S. 


In  1835,  Sir  Roderick  Murchison  (Proc.  G.  S.,  Vol.  II.) 
gave  the  following  classification  of  the  red  rocks  overlying 
the  Coal  Measures : — 

1.  Red  and  green  marls Kexiper. 

2.  Sandstone  and  conglomerate.  .Bimtcv, 

3.  Calcareous  conglomerate  .  . .  .Zechatein. 

4.  Lower  red  sandstone Roth'todt-liegende. 


In  1837,  the  Bey.  Professor  Buckland  ascribed  the 
Warwick  sandstones,  with  their  reptilian  fauna,  to  the  age  of 
the  Eeuper  of  Germany,  and  compared  them  with  the 
building  stones  of  Stuttgard  and  Sinzheim,  near  Heidelberg* 
These  Warwickshire  sandstones  consist  of  either  soft,  white, 
or  grey  sandstones,  more  or  less  thin-bedded  and  inter- 
stratified  with  marl,  with  a  slightly  conglomeratic  base, 
resting  indiscriminately  on  Permian  or  C!oal  Measures,  and 
may  be  considered  as  the  typical  English  "  Waterstones." 

In  papers  read  before  the  British  Association  in  1842, 
and  the  Geological  Society  of  London  in  1846,  and  before 
this  Society  at  a  stiU  earlier  date,  Mr.  Binney  was  the  first 
to  give  the  chief  outline  of  the  classification  of  the 
Lancashire  and  Cheshire  post-carboniferous  red  rocks,  the 
sequence  being : — 

Trias  (Murchison)  :— 

!(a)  Ked  and  variegated  marlB  ft. 

(h)  Gypsum  and  saliferous  marU ....  800  „ 

(c)  Waterstones 440  „ 

2.  Buntsr  Seriet Maximum  thickness 600  „ 

3.  TRed  and  variegated  marls  and  mag- 
PsBMiAX.                <     nesian  limestone 210    „ 

4.  (.Lower  New  Red  Sandstone 120    „ 


} 


In  this  classification  I  am  inclined  to  think  that  the  term 
**  waterstones"  does  not  include  the  compact  Lower  Keuper 
building  stone  and  grit,  which  was  evidently  classified  with 
the  Bunter  beds  beneath  in  the  papers  by  Mr.  Ormerod  and 
others  of  the  period.  This  restricted  use  of  the  term 
*'  waterstones"  is  one  which  it  is  of  importance  to  maintain, 
as  probably  it,  and  not  the  building  stones  beneath  it,  are 
the  equivalent  of  the  tjrpical  waterstones  of  Warwickshire. 

In  1854,  Professor  Hull  laid  a  paper  before  the  British 
Association,  showing  the  Bunter  beds  were  capable  of  a  triple 
sub-division — ^massive  sandstone  with  pebbles,  or  pebble 
beds,  intervening  between  an  upper  and  a  lower  red  and 
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mottled  sandstone.  Occasionally  the  Pebble  beds  are 
only  soft  sand  with  shingle,  and  the  Mottled  Sandstone 
beneath  it  gradually  thins  out  eastward,  its  maximum 
development  being  in  the  Shropshire  area.  In  later  papers 
he  pointed  out  that  Lower-Eeuper  sandstone  not  only  rests 
unconformably  in  an  eroded  surface  of  Bunter,  but  that  the 
former  in  the  Ashby-de-la-Zouche  country  passes  directly 
over  the  latter,  and  was  deposited  entirely  independent  of  it. 
Borings  made  from  time  to  time  since  this  date  have 
proved  the  steady  overlap  not  only  of  the  Eeuper  over  the 
Bunter,  but  of  the  various  sub-divisions  over  themselves ; 
and  as  the  journals  of  these  borings  have  for  the  most  part 
been  communicated  to  the  Underground  Water  Committee 
of  the  British  Association,  it  may  be  useful  to  capitulate 
the  information  on  the  maximum  thicknesses  and  gradual 
wedging  out  of  strata  they  present  to  us. 

Lanvmhire, — At  Bootlc,  near  Liverpool,  an  important 
boring  has  been  carried  to  a  depth  of  1304  ft.  by  Messrs. 
Mather  and  Piatt,  for  the  Liverpool  Coi'poration  water 
supply.  The  diameter  is  25  in.  to  a  depth  of  1000  ft., 
and  20  in.  beneath  that  limit.  The  water-level  stands 
at  50  ft.  from  the  surface  in  tlie  bore-hole,  but  has  not 
yet  been  pumped.  This  level  is  about  that  at  which 
water  stood  in  the  adjacent  Bootle  well,  when  not  pumped 
some  years  ago.  The  character  of  the  Pebble  Beds  is 
well  seen  in  the  quarry  in  which  the  old  well  is  sunk,  and 
in  the  large  quariy  higher  up  the  hill,  ivom.  which  it  is 
evident  that  the  thickness  of  this  division  of  the  Bunter  is 
not  less  than  1200ft.,  instead  of  GOO  to  800,  as  anticipated ; 
the  base  of  the  Pebble  Beds  occurring  in  the  boring  at 
lOJJOft.,  where  the  Lower  Mottled  sandstone  was  first  pene- 
trated, the  well-known  "  millet  seed  grain"  being  specially 
characteristic.  This  is  well  seen  in  the  Lower  Mottled  sand- 
stone of  the  Vale  of  Clywd. 
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The  Lower  Mottled  sandstone  in  the  Bootle  boring  becomes 
Tery  hard  and  compact  at  1228ft.  from  the  surface,  being 
cemented  together  by  lime;  but  the  grain,  when  the  rock  is 
broken  up,  is  seen  to  be  the  same.  For  details  of  this 
boring  and  for  facilities  to  inspect  the  cores  I  have  to  thank 
Messrs.  Mather  and  Piatt,  of  Salford  Iron  Works. 

For  similar  facilities  I  have  to  thank  Mr.  Beck,  of  Dallam 
Lane  Forge,  Warrington,  for  a  boring  made  at  that  place. 
From  an  inspection  of  the  cores,  in  company  with  my 
colleague,  Mr.  Strahan,  we  constructed  the  following 
journal : — 


feet. 


1. 
2. 
3. 


Boulder  clay  and  drift     30 

Red  and  pale  yellow,  soft  rock .  .     350 
Bred  and  white  ditto,  slickensides        2 
/^Flaggy  micaceous  sandstone    . .  ^ 
4.  <  Redsandstone  &  thin  shale  bands  |  218 
bOO   feet.      (^  Micaceous  flagp  and  slickensides  ' 


Upper 
^  mottled 
bunter. 


.  •  •  • 


159  J 


752 


99 


5.  Red  and  white  Sandstone 
Fault. 

6.  Red  Sandstone  with  pebble. ...       58  j 


887 


7.    Soft  Red  Sandstone 


99 

1   •             KJKfA  V    M 

LVV^A    KJf»XM.\A 

av\ja.M.^y     .    •.    •*••• 

lepth 

.of  227  feet  from  surface 40  grains 

345 

99                        i 

170 

390 

»                        9 

300 

445 

99                  9 

750 

500 

»                  9 

,       1246 

600 

')                  9 

,      1575 

680 

99                   9 

,       3100 

756 

>>                   9 

.       4000 

818 

»                   9 

,      4500 

70 


Pebbles 
beds. 

Lower 

mottled 

Sandstone. 


99 


>> 


>> 


>> 


99 


>» 


99 


>> 


These  figures  represent  number  of  grains  per  gallon  pro- 
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daced,  by  nitrate  of  silver,  i.e.,  chlorides  alone,  the  water  has 
a  strong  briny  taste 

From  this  section  it  will  be  noticed  that  we  are  of  opinion 
that  no  less  than  752  feet  of  Upper  Mottled  sandstone  is 
proved  by  the  boring  without  the  base  being  reached,  the 
Pebble  Beds  beneath  being  thrown  in  by  the  fault,  which 
possibly  acts  as  a  duct  for  the  salt  water. 

Midland  Counties, — In  Lancashire,  the  "  Waterstones " 
of  Messrs.  Binney  and  Ormei*od  pass  insensibly  into  the 
overlying  Keuper  marl,  there  being  no  sharp  line  of 
demarcation.  In  Staffordshire,  Leicestershire,  and  War- 
wickshire this  is  also  the  case,  except  around  Chamwood 
Forest,  where  the  red  marls  overlap  the  Waterstones,  and 
rest  directly  on  the  palax)zoics.  This  is  also  the  case  in 
the  Bristol  Channel,  both  in  Somersetshire,  Gloucester- 
shire, and  South  Wales,  the  Waterstones  coming  in  for  the 
first  time  to  the  north-east  of  the  Forest  of  Dean,  east  of 
Mitcheldean  and  Newent.  If  a  line  be  dra\^Ti  from  Not- 
tingham, south-west  to  Worcester,  it  will  mark  the  easterly 
thinning  of  the  Bunter  deposits.  The  Waterstones  extend 
further,  being  present  at  the  boring  through  the  oolites  of 
Burford  (previously  published  by  me),  being  deposited 
against  an  old  palaeozoic  ridge,  which  was  overtopped  by  the 
Keuper  marls  above,  which  sweep  round  the  Mendips,  the 
local  "Dolomitic  Conglomerate"  being  generally  present 
where  the  underlying  rock  is  the  Carboniferous  Limestone. 

Of  the  Bunter  deposits,  the  Lower  Slottled  sandstone  is 
the  first  to  disappear  eastward,  the  Pebble  Beds  resting 
directly  on  the  Pennian  on  both  sides  of  the  South  Stafford- 
shire coalfield,  and  on  the  carboniferous  rocks  of  Dovedale. 
In  the  latter  district  the  Lower  Keuper  sandstone  rests 
directly  on  the  Pebble  Beds.  Northwards,  from  Notting- 
ham to  Selby,  this  is  also  the  case,  the  Upper  Mottled  being 
entirely  absent,  and  the  Lower  Mottled  maintaining  a  well- 
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marked  thickness.  Still  farther  north,  at  Middleebro',  the 
Pebble  Beds  have  probably  thinned  out,  and  the  Keuper 
rests  on  the  Lower  Mottled  sandstone. 

In  Lancashire  and  Cheshire,  below  the  soft,  fine- 
grained sandstones  and  shales,  or  Keuper  waterstones, 
occur  massive  building  stones,  with  soft  beds  traversed  by 
current  bedding  on  the  top,  between  which  and  the  over- 
lying evenly-bedded  Waterstones  there  is  a  well-marked 
junction.  The  line  of  boundary  going  eastwards  is  seen  to 
gradually  overlap  the  older  rocks,  the  Lower  Keuper  building 
stones  being  reduced  to  a  few  feet  at  Nottingham,  and  being 
entirely  absent  in  Warwickshire  and  the  greater  part  of 
Leicestershire.  These  remarks  will  explain  the  true  Water- 
stones  resting  in  some  of  the  following  sections  on  the 
paheozoic  rocks.  The  sections  were  collected  by  Mr.  James 
Plant,  F.G.S.,  of  Leicester,  for  the  Underground  Water 
Committee. 

Hawkesbury  Pumping  Station,  Coventry  (Mr.  Sinclair) 

252  feet  above  O.D.L.  :— 

Drift    30  feet 

Waterstones    90   „    (White  sand- 
stone.) 


120 


>> 


Holywell  Boring,  Hinckley  Local  Board  ( +  330  O.D.L.) :— 

Drift  (clay  and  gravel)  .  .  150  feet 

Red  Marl 20   „ 

Waterstones        370   „  (Shale, gypsum, 

and  sandstone.) 

540  „ 

Elmsthorpe,  Leicestershire  (+  300  O.D.L.)  : — 

Drift 10  feet 

Red  Marl 120   „ 

Waterstones 330   „ 

Coal  Measures   980  „ 

1440  „ 


linridgeBan  CbDicrj  BariDg;  Dofard  r-h  400  OJ>J^^ 

Drift 2leet 

Upper  Keoper  Sandslone  20  „ 
BedMsriandGrpnm..  44  ,, 
Watcntonei 204   ., 

270  „ 
Near  Desford,  elose  to  9  mfle^tone  on  Leicester  railway: — 

Mari  2l:jfcet 

Waterstones 140  „ 

350  ,,  to  Slate. 
Aiuty  Paper  Mill,  near  Leicester  {+  22o  O.D.L.)  : — 

Drift  (boulder,  claj' ) 70  feet 

Red  Karl  and  G\-p8um. .     117   „ 

1?^7    „ 
Hathem,   Leicestershire — north    of    Cham  wood    Forest 
(  +  :J20  O.D.L.)  :— 

Drift 10  feet 

Red  Mart    110  ., 

TVaterstone    14(>   „ 

•Conglomerate  (I^werK.S.)     60   „ 

Chilwell  Boring,  Leicestershire  (+  4>0  O.D.L.)  : — 

Ft.    In. 
Drift l:J     8 

Upper  Keuper  Sandstone    .  .  0'\  0 

Red  Mari o^i  4 

Waterstones 110  0 

Soft  Sandstone 110  4 

Conglomerate    ')0  8 

Lower  Mottled  Sandstone    .  .  44  4 

15  5 

435    9   Carried  to 
1036  ft. 

*  TbeM  Oonglomerates  are  well  seen  at  Castle  Donnington. 
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The  eastern  boundary  of  the  outcrop  of  the  Pebble  Beds 
of  the  Bunter  ranges  along  the  Biver  Trent,  past  Notting- 
ham, as  far  as  Stanston  and  Swarkeston.  Eastward  of  this 
line,  the  Keuper  Sandstone  rests  on  the  C6al  Measures  of 
Ashby-de-la-Zouch,  and  the  Carboniferous  Limestone  of 
Breedon  Hill. 

Banging  parallel  to  this  line  and  eastward  of  it,  the  Lower 
Keuper  sandstone,  building  stones  and  conglomerate,  thin 
out,  being  last  met  with  at  Hathem,  ranging  north  of 
Chamwood  and  Atherstone.  South  of  Nuneaton,  fine 
grained  white  sandstone,  used  for  building  occurs,  inter- 
bedded  with  evenly  bedded  shale  of  the  "Waterstones. 

North  of  the  Trent,  the  Lower  Keuper  sandstone  conglom- 
erate is  reduced  to  5  or  6  feet,  resting  on  the  Pebble  Bed, 
lying  on  thin  beds  of  Lower  Mottled  sandstone,  which  again 
comes  in  here,  being  absent  in  the  area  adjoining  the 
Lancashire  and  Stafibrdshire  coalfields,  cast  of  the  Cheshire 
Bed  Marl  plain. 

At  Owthorpe,  south-east  of  Nottingham,  a  boring  was 
carried  to  a  depth  of  1147ft.  lOin.,  and  a  2ft.  4in.  coal  being 
reached  at  1140  ft.  6  in. 

Nofih  Yorkshire  ami  Durham, — ^Through  the  kindness  of 
Mr.  H.  H.  Howell,  of  H.M.  Geological  Survey,  I  have  been 
able  to  examine  the  six-inch  maps  of  the  district  around 
Middlesboro,  in  Durham  and  Yorkshire,  on  which  the  posi- 
tion of  the  various  deep  borings  are  marked,  as  well  as  the 
natural  exposures  of  rock.  At  Himworth,  and  near  Low 
Diresdale,  current  bedded  red  and  yellow  flaggy  sandstone 
at  10°  to  the  northward.  This  dip  is,  however,  probably 
local,  as  further  eastward  good  sections  of  these  sandstones 
occur  in  the  banks  of  the  river  Tees  in  the  direction  of 
Stockton,  dipping  S.E.,  which  is  also  the  dip  of  the  magne- 
dan  limestone  of  Aycliffe,  and  that  of  the  overlying  rhoetic 
beds  of    Yorkshire.      This  dip  evidently  obtains  in   the 
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Middlesboro'  salt  area,  as  the  salt  deposit  was  met  with  at  a 
shallower  level  at  Messrs.  Bells  boring,  north  of  that  of 
Messrs.  Bolckow  &  Yaughans.  Still  further  north  there  is  a 
local  roll  on  the  coast  near  Greatham,  close  to  which  there  is 
a  boring,  IJ  miles  W.  of  Seaton  Carew,  529  feet  deep. 

A  bore-hole  was  put  down  in  1828  by  Mr.  Fletcher,  at 
Oughton,  about  a  mile  north  of  Greatham,  and  two  west  of 
Seaton  Carew.  Details  given  by  Mr.  Peacock,  C.E.,  Trans, 
Cleveland,  L.  and  P.  Soc.,  1870 : — 


/ 


1.  Soil    

2.  Gh^vel,  with  water 

3.  Blue  clay,  very  strong    

4.  Sand,  with  a  little  water 

5.  Blue   clay,  very  strong    

6.  Red  sand   

7.  Sandy  clay    

8.  Red  sand  

9.  Blue  clay 

10.  Sandy  clay    

11.  Sand,  with  a  little  water 

12.  Clay,  very  strong,  pebbles   .  . . 

13.  Grey  freestone 

14.  Grey  pand 

15.  Clay,  very  strong 

16.  Clay  brown,  very  fair 

17.  Brown  freestone 

18.  Grey  metal 

19.  Brown  post,  with  girdles 

20.  Red  stone 

21.  White  post,  very  strong,  metal 

partings    

22.  Grey  metal     


136  0 


Thickness. 


Ft    In. 
1      0 


11 

0 

27 

0 

1 

8 

8 

(] 

3 

6 

5 

2 

8 

2 

3 

10 

1 

6 

0 

8 

24 

0 

2 

0 

4 

2 

1 

9 

9 

1 

5 

0 

1 

6 

3 

0 

12 

5    4 
1    2 
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23.  Red  freestone   

24.  White  post    

25.  Red  freestone    

26.  Post  girdles 

27.  Red  freestone    

28.  Blue  metal    

29.  Red  freestone    

30.  Blue  metal    

31.  Red  freestone,  post 

32.  White  post  girdles 

33.  Blue  metal    

34.  Red  freestone,  post 

35.  AVhite  post  girdles 

36.  Red  freestone,  post 

37.  White  post    

38.  Red  metal 

39.  White  post  girdles 

40.  Red  freestone,  post 

41.  White  post    

42.  Red  freestone,  post 

43.  Whin  girdles    

44.  Red  freestone,  post 

45.  Strong  whin  girdles 

46.  Red  metal 

47.  Strong  whin  girdles 

48.  Red  metal 

49.  Strong  brown  post,  with  metal 

partings    

50.  Red  metal 

61.  Grey  metal    

52.  Red  freestone,  post 

53.  Red  bastard  whin 


Thickness. 


Ft  In. 

4 

1 

3 

2 

15 

0 

0 

9 

22 

10 

3 

6 

11 

6 

2 

0 

6 

0 

0 

6 

1 

6 

13 

0 

0 

6 

8 

6 

6 

0 

12 

0 

0 

6 

6 

0 

0 

6 

17 

2 

0 

4 

17 

2 

0 

2  • 

2 

0 

0 

8 

3 

0 

4 

0 

6 

0 

3 

2 

17 

6 

0 

10 

Bed  metal 

Strong  whin  girdle* 

Red  metal 

MTiito  post  girdles 

Red  met&I 

White  post  girdles 

Red  metal  and  white 

Red  metal 

White  post  girdles 

^Vhite  stone,  renembling  spar. 

Red  metal 

Bastard  whin  girdloM   , 

Red  metal 

Bastard  whin  girdles 

Soft  red  freestone,  metal  partings 

Red  metal 

Red  freestone,  post 

Red  metal 

Brown  freestone,  post 

Red  metal 

White  post   

Red  metal 

Brown  freestone,  post 

Red  metal 

■\yhit«  post   

Red  metal 

Brown  freestone,  post 

Red  metal,  very  strong  .  . . 

„      80ft     

Brown  freestone,  post 

Red  metal 

Brown  freestone,  post 


Ft  In. 

0    2 


0  4 
1.5  8 
0    « 


1  2 
3  10 
0    8 
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85. 

86. 

88. 

89. 

89. 

90. 

91. 

92. 

93. 

94. 

95. 

96. 

97. 

98. 

99. 
100. 
101. 
102. 
103. 
104. 
105. 
106. 
107. 
108. 
109. 
110. 
111. 
112. 
113. 
114, 
115. 


Red  metal,  strong 


)> 


tf 


Strong  brown  po»t,  with  feeder 

of  water    

White  post  gii-dles 

Red  metal. ...   

White  post  girdles 

Red  metal,  with  post  girdles  . . 

Strong  brown  post 

Red  metal 

Coal 

Red  metal 

„       strong 

Strong  freestone,  post 

Soft  red  metal 

Brown  whin 

freestone 

whin 

freestone 

whin 

White  stone,  resembling  spar.  . 

Brown  freestone 

„       whin 

Strong  white  post 

„      whin  post 

White  whin 

Strong  white  stone 

„      grey  post 

„      blue  post    

Blue  metal    

Brown  stone 


.Tluckn«M. 


329    9 


>> 


>> 


» 


»» 


517   9 


vft.    In. 

yl'.  6 

•  •  • 

0    6 

3     0 

0  2 

1  0 
0  10 

14     4 
3     0 


0 
0 
1 


4 
4 
0 


6     0 
6     6 

0  3 

1  2 
0  10 


u 
0 
o 


4 

7 
7 


0  3 
2  9 

2  6 
4  0 

1  1 

0  1 

3  11 

1  6 

0  6 

1  3 
6  7 

517  9 


./: 


102 


•  •, 


» 


v.. 


« 


•    •    •    »    • 


•    •    •    • 


•    ■    •    •   •    • 


•    •  •    • 


Boring  .B^.  *bld   Brewery,  Norton  Street,   of   Stockton. 
Geolog\cil*Survey  Sheet  50  Durham : — 

:  **2lade  ground 

Black  sand 

'•.,  /     Light-coloured  sand 
Loamy  clay 
Brown  strong  clay 
Dark  sand   . 
BrowjQ  strong  clay 
Sand,  with  water    . . 

Clay,  with  stone 

Yellow  freestone    .... 
BrOugh  gravel  imder  .... 
Hard  red  sandstone    .  . 
Bed  sand  and  mould  .... 
Soft  red  metal 
Hard  red  sandstone 
Soft  red  metal 
Hard  red  shale  .... 


•  •  •  . 


.  •  •  • 


fm. 

ft. 

in. 

0 

1 

2 

0 

4 

10 

0 

2 

10 

5 

2 

6 

1 

0 

6 

1 

4 

0 

3 

2 

4 

0 

3 

0 

2 

0 

0 

0 

2 

6 

0 

1 

6 

4 

1 

0 

2 

3 

G 

1 

0 

0 

") 

« 

1 

4 

6 

1 

0 

4 

;j;j    2   2 


I  have  to  thank  Mr.  Allison,  of  Guisboro',  for  the  Section  of 
Strata  bored  through  by  the  Diamond  Drill  Co.,  at  Salthouse 
Farm,  on  the  Durham  side  of  the  Tees,  for  Messrs.  Bell 
Bros.,  loth  December,  1874  :— 


No. 


STRATA. 


.  .  .  •  •  • 


1.  Soil 

2.  Clav 

3.  Dark  sand 

4.  Clean  sand  .  . 

5.  Red  clay 

6.  Sand  and  gravel 

7.  Boulder  clay 


% .  •  • 


.... 


•  . .  • 


. .  •  •  •  • 


Drift 
77-0. 


Thickness. 
Ft.    in. 

Defth. 
Ft.     in. 

1     6 

1    6 

4    0 

5    6 

7     6 

13    0 

26    0 

39    0 

3    0 

42    0 

8    0 

50    0 

27    0 

77    0 
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No. 

UTKATA. 

Thickneas 
Ft.    in. 

Depth. 
Ft    in. 

8. 

Red  marl       

73 

0 

150 

0 

9. 
lo- 
ll. 
12. 
13. 

Red  sandstone,  with  veios  of  marl.  . . . 

White  sandstone 

Red  sandstone,  with  veins  of  marl .... 

Red  sandstone 

Soft  marl 

144 

1 

153 

10 

3 

0 
3 
9 
0 
0 

294 

295 
449 
459 
462 

0 
3 
0 
0 

0 

14. 
15. 

Red  sandstone 

Blue  vein 

6 

0 

0 
10 

468    0 
468  10 

16. 

Red  sandstone 

31 

2 

500 

0 

17. 
18. 
19. 
20. 
21. 

Red  sandstone,  with  veins  of  marl.  . . . 

Soft  marl 

Red  sandstone 

Red  sandstone,  with  veins  of  marl.  . . . 
Soft  marl 

27 

4 

25 

49 

6 

0 
0 
0 
0 
0 

527 
531 
560 
609 
615 

0 
0 
0 
0 
0 

22. 
23. 

Red  sandstone,  with  veins  of  marl.  , . . 
Red  sandstone 

31 
G 

0 
0 

646 
652 

0 
0 

24. 
25. 
26. 
27. 
28. 
29. 
30. 

Marl,  with  blue  veins  and  sandstone  . . 
Red  sandstone,  with  veins  of  marl.  , . . 

Red  sandstone,  with  veins  of  marl.  . .  . 

Strong  marl 

Red  sandstone,  do 

17 
66 

0 
13 

9 
26 

0 

0 
0 
7 
5 
6 
6 
3 

669 
735 
735 
749 

758 
785 
785 

0 
0 
7 
0 
6 
0 
3 

31. 
32. 
33. 
34. 
35. 
36. 
37. 

Strong  marl      

Red  sandstone,  with  veins  of  marl. . . . 

Strong  marl  and  sandstone      

Red  sandstone,   do 

Strong  marl 

Red  sandstone  do 

6 
30 
17 
16 
20 

5 
14 

3 
6 
0 
0 
0 
0 
0 

791 

822 
839 
855 
875 
880 
894 

6 
0 
0 
0 
0 
0 
0 

38. 
39. 

Strong  marl,  veins  of  sandstone  .  . 
Strong  marl 

6 
23 

0 
0 

900 
923 

0 
0 
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No. 

STRATA. 

Thickneis 
Ft.    in. 

Depth. 
Ft    in. 

40. 

■                                                                                                                                                                 1 

Strong  marl  with  veins  of  gypsum     .  . 

4 

0 

930 

0 

41. 

Mixed  marl  and  sandstone 

27 

0 

957 

0 

42. 

Marly  sandstone,  with  veins  of  gypsumj 

141 

0 

1098 

0 

43. 

Gypsum 

4 

0 

1102 

0 

44. 

Hard  white  stone ! 

3 

9 

1105 

9 

45. 

VX  V  LISUUl  •  ••                 ••••                 ••••                 ctaaa*                 ••••' 

3 

6 

1109 

3 

46. 

Marly  sandstone,  very  salt 

1 

1 

1117 

4 

47. 

Decayed  red  marl,  with  salt 

10 

3 

1127 

7* 

48. 

Red  rock  salt     ; 

9 

0 

1136 

7* 

49. 

dvOChr  oUflZ             ••••         ••••         ••••         •••• 

66 

5 

1203 

0 

50. 

Salt,  with  marl  and  gypsum 

19 

0 

1222 

0 

51. 

Gypsum  containing  salt      

7 

0 

1229 

0 

52. 

Soft  shale,  with  salt  and  gypsum 

7 

0 

1236 

0 

53. 

Soft  white  shale        

0 

1  1238 

1 

0 

54. 

Gypsum  and  antrydrite 

23 

0 

1201 

0 

55. 

Mayticsian  /imoffofte  (liberation  of  gas) 

52 

0 

1313 

0 

50. 

Grey  limestone 

15 

0 

:  1328 

1 

0 

57, 

Gypsum 

8 

0 

1336 

0 

58. 

Gjrpsum,  containing  salt      

1 

0 

1337 

0 

59. 

Sock  mlt 

14 

0 

J  1351 

0 

60. 

Marl  containing  salt 

2 

0 

1353 

0 

61. 

Marl  with  gj^sum       

1 

0 

1354 

0 

62. 

Impure  salt        

1 

0 

1355 

0 

— —  -  -  —  ■—      —  —       -  —     ."■.■- "" 





♦  40-45  per  cent,  of  Salt,  only  3  feet  core,  fresh  water  being  used. 

Section  by  Mr.  John  Marley,  C.E.  (Brit.  Assoc,  1863), 
of  Strata  Sunk  and  Bored  through  at  Middlesbro,  for  Messrs. 
Bolckow  Vaughan  &  Co.  Began  4th  July,  1859.  Diameter  of 
borehole  1ft.  6in.  Boring  ceased  29th  August,  1863.  Messrs. 
Mather  and  Mattes  pix)ce8s : — 
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No. 

8TBATA. 

Thicknoss* 

Depth. 

Ft 

in. 

Ft 

in. 

1. 

Made  ground,  (Slag  chalk,  &c.)      .... 

11 

0 

11 

0 

2. 

Dry  slime  or  river  mud 

8 

0 

19 

0 

3. 

Sand  with  water 

10 

0 

29 

0 

4. 

Hard  clay  (dry)    

10 

0 

39 

0 

5. 

Red  fland  with  a  little  water 

1 

0 

40 

0 

6. 

Loamv  sand  with  a  little  water  . . 

3 

0 

43 

0 

7. 

Hard  clay  (dry)    

15 

0 

58 

0 

8. 

Bock,  mixed  with  clay  and  water 

11 

0 

69 

0 

9. 

„                    „         ^ury^   •  •      .... 

1 

0 

70 

0 

10. 

„               „     gypsum  (drj^)   .  .      . . 

6 

0 

76 

0 

11. 

Gypsum  with  water     

2 

0 

78 

0 

12. 

Bed  sandstone  with  small  veins  of  gypsum 

00 

0 

133 

0 

13. 

Gypsum  rock  (dry) 

6 

0 

139 

0 

14. 

Brown  shale  with  water 

1 

0 

140 

0 

15. 

Bed  sandstone       

4 

0 

144 

0 

16. 

„           „    with  small  veins  of  gypsum 

12  0 

156 

0 

17. 

Blue  sandstone  with  water  at  bottom.  , 

3 

0 

159 

0 

18. 

Bed  sandstone  with  water . .    \ 

]   ft.  in. 
»           >>      ••••        ••••f 

19 

0 

178 

0» 

19. 

437 

4 

615 

4t 

20. 

Bed  and  white  sandstone  . .     i  673  5 

1 

6 

616 

10 

21. 

Bed  sandstone • . .    / 

215 

7 

832 

5 

22. 

ff           ff   anQ  Clay  ••••••     ...••• 

1 

0 

833 

5 

23. 

n           >>••••     •  • 

52 

3 

885 

8 

24. 

,f           99   and  clay 

9 

0 

894 

8 

25. 

19                        yy****           ••••           ••••••           •• 

66 

5 

961 

1 

26. 

Strong  clay 

2 

9 

963  10 

27. 

Bed  sandstone  and  clay 

1 

6 

965 

4 

28. 

»           »••• 

27 

5 

982 

9 

29. 

„  sandstone  and  clay 

9 

9 

991 

9 

30. 

„           „   with  a  vein  of  blue  rock 

49 

4 

1051 

1 

31. 

Bed  and  blue  sandstone       

1 

5 

1052 

6 

32. 

„   sandstone 

6 

0 

1058 

6 

33. 

„           „    and  thin  veins  of  gypsimi 

1 

5 

1059  11 
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No.                             STRATA. 

Thicknesi 

Depth. 

Ft 

m. 

Ft 

UL 

34. 

Bed  sandstone  and  thin  veins  of  gypsum 

39 

8 

1099 

7 

35. 

„           „     blue  clay  and 

gypsum  .  . 

1 

2 

1100 

9 

36. 

„           „     with  veins  of 

gypsum  .  . 

87 

3 

1188 

0 

37. 

Gypsum     

•..•     .... 

3 

2 

1191 

2 

38. 

White  stone  , , 

>••••     ..•• 

>  •  .          •   . 

0 

8 

1191 

10 

39. 

Limestone 

>     .••••. 

•  • .  1 

»          •    .  .  • 

2 

8 

1194 

6 

40. 

Blue  rock 

)•»••     .••• 

1  .   .          •   • 

0 

2 

1194 

8 

41. 

Blue  clay  . . . , 

...... 

•  • .  1 

•   .   .  • 

0 

2 

1194 

10 

42. 

Hard  blue  and  red  rock  .  . 

.    .          •   . 

0 

10 

1195 

8 

43. 

„     white  stone 

■  • .  1 

»          .   .  •  . 

2 

7 

1198 

3 

44. 

Dark  red  rock 

0 

*   •  •          *  • 

1 

2 

1199 

5 

45. 

„            „     rather  salt 

•  •  •  < 

.... 

6 

7 

1206 

0 

46. 

Salt  rock,  rather  dark 

(1-)     ) 

12 

7 

1218 

7 

47. 

„       very  dark 

(2.)          / 

4 

1 

1222 

8 

48. 

„       ver}"  light 

(3.)          I 

3 

6 

1226 

2 

49. 

„       rather  dark 

(4.)         / 

27 

4 

1253 

6 

50. 

„       very  light 

(5.)          \ 

43 

6 

1297 

0 

51. 

„       rather  light 

(6.)     ; 

9 

0 

1306 

0 

52. 

Limestone 

.    .....          .    . 

1 

0 

1307 

ot 

53. 

Conglomerate 

......     .. 

•  .  .  • 

.... 

6 

4 

1313 

4 

.     ..... 


Per  cent. 

96-0 


♦  Bottom  of  Sinking  Shaft  12  feot  deep,    f  CJommenced  Borehole.     J  Thia 
roeemblos  limestone  and  contains  a  great  quantity  of  salt. 

The  following  analysis  of  No.  5  bed,  was  made  by  Mr. 
John  Pattinson,  of  Newcastle-on-Tyne: — 

Chloride  of  Sodium 
Sulphate  of  Lime    .... 
Sulphate  of  Magnesia.  . . . 

Sulphate  of  Soda 

Silica    

Oxide  of  Iron 


.... 


..... 


.... 


...«•. 


3-09 
0-08 
0-10 
006 
trace 


Moisture 


0-04 


100-00 
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A  boring  for  coal  was  commenced  in  1856,  for  Lord 
Falkland,  in  Eirklivington,  and  carried  on  in  1857  and 
1858,  under  the  saperintendence  of  my  friend  Mr.  P.  S. 
Raid,  M.E. :— 


•  •  •  • 


•  •  •  • 


•  •  •  • 


1.  Reddish  clay    . . 
Fine  sand. . .  . 
Course  sand .... 
Fine  sand. . . . 
Reddish  clay    . . 
Tellow  sandstone     . . 
White  sandstone,  hard 
Sand  and  gravel  .... 
White  sandstone 
10.  Sand  and  gravel  .... 
Light  bluish  sandstone 
White  sandstone,  extra  hard 
Light  fire  clay 
14.  Light  fake  (Scotch  for  sJiale) 

Red  sandstone,  in  one  bed 
16.  Red  fake  and  "blae"  (Scotch 
for  sandstone) .  . 
„    sandstone,  hard 
„  „  soft 

„  fake  and  blue  . . 
Sandstone,  extra  hard 
■f  aiiL"      ....      ...... 

Sandstone,  extra  hard 

Fake. . 

Sandstone 

Fake. . 

Sandstone 

Fake  and  clay 

Sandstone     .  . 

Clay .... 

Light  red  sandstone 

Red  sandstone  in  bed 


•  •    ft 


•    •  .    a 


.     .   .     . 


a    a  •    • 


a     a   .     . 


.... 


Drift. 
109   2 


•  a 


ft.     in. 


109    2 


76   3 


ft. 

in. 

27 

0 

7 

0 

4 

0 

10 

0 

51 

0 

0 

8 

0 

9 

4 

0 

1 

6 

3 

3 

119  10 

0  11 

1 

5 

2 

6 

204 

3 

1 

0 

1 

1 

18 

0 

0 

3 

2 

3 

7 

3 

2 

6 

7 

8 

4 

0 

4 

8 

2 

1 

2 

8 

3 

9 

0 

7 

1 

9 

13 

9 

\ 


^  ^ 


jnmDme  r 


iL  RaiiuB: 

AZ.  ..     iiici  nut  awr    . . 

*J.     „     di»  aiw 

^.  Fi&c!^  jxut  isay        

%.  JCmEUWOIIL  'TTTH»gSllTl»» 

-P).  S«fi  ibkd  ind  'iiii7    . . 


•V         ^1  ^jigffc  « »» •  • » 

^  ^  aziti  bed^  of  iika 

rr     ^iukZe  wlsIl  basui^  of  r^d  ^a::ji:scciz«f . 

i7,  fmr  pyrltii!  <arii*r.:ct7      

JifA  *fcaLr  wr:2i  C€»i'!'  of  hiri,  r^i  fojic- 

'  '^  *  **i^  «•••■•  «■•••■  «■»■»» 

4^.   Oypi^i*^,    'alkd  "cLilk  And  t:i:*f  clijr/' 

t^T  ni^ii :       ......        ......        .... 

Red  fth^T  faiid<to2ie     

„     ^nd-tone  with  a  shalT  appearance 

Shal  V  *s£&nd^toiie  and  gypsum       

Sand^itone,  with  carb.  and  sulph.  of  lime 

54,  J>itt/i 

W.  J>itU/       


s 

9 

:S 

0 

.4 

8 

» 

o 

6 

8 

2 

i 

I 

6 

-5 

1 

? 

1 

4 

9 

4 

0 

1 

4 

(> 

4J 

16 

2i 

1 

0 

-24    3 


0 

9 

6 

9 

20 

6 

20 

0 

17 

6 

6 

0 

H 

6 

10 

0 

Mr.  Reid  im  of  opinion  that  the  beds  33,  37,  and  39  are 
U(A  truly  referable  to  the  magnesium  limestone ;  Mr. 
Morl^jy,  C.E.,  however,  considered  these  beds  to  belong  to 
that  fonnation,  and  the  lower  part  of  the  boring  to  be  in  the 
lowi?r  jH;nnian  Hand>«tone. 

Hi  ill  fuHhor  west,  two  borings  for  coal  were  put  down  at 
WoodlKwl,  near  Gr(?at  Smeaton,  in  1789,  by  General 
littrnbioti,  the  one  396  feet  deep,  the  other  444  feet. 
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The  following  section  is  given  in  the  Geological 

Transactions,  Vol,  IV. : — 

WOODHEAD  BORINGS,  1789. 

ft.     in 

1.  j  Soil  and  brown  clay. . . 

2.  I  Dark  strong  clay,  with  white  boulders 

3.  r  Red    metal   stone  with   grey 

girdles 

Red  stone  with  white  girdles 

Grey  and  white  stone       

Gypsum,  with  flinty  lumps  ... 
Blue  whin,  with  sulphur  water  116     6 
Strong  white  post,  whin  gir- 
dles   

Bastard  whin... 

10.  231   3  J  Strong  white  post,  with  whin 

girdles      .*. 

11.  Blue  grey  metal  stone  with 

white  scars       

12.  Gypsum 

13.  Soft  red  stone        

14.  Red  and  white  post 

15.  White  post  with  red  scars 

16.  Red,  white,    and   grey  post, 

red  partings     

17.  t^  Soft  blue-grey  metal 

18.  /  Grey  and  white  post. . . 

19.  I  Strong  blue-grey  stone... 

20.  I  Strong  white  and  grey  stone. . 

21.  189   4 (Whin... 
22. 
23. 


Society's 


•  •  •  •         •  •  • 


Mixture,  whin   ... 
Strong  white   calcareous  post 
and  white  girdles 


ft.    iXL 

24    9  I    4    0 


20 

9 

48 

0 

31 

3 

4 

0 

7 

0 

1 

6 

6 

6 

12 

0 

36 

6 

8 

0 

2 

6 

6 

0 

19 

0 

18 

0 

27 

0 

4 

0 

33 

0 

5 

0 

60 

0 

3 

0 

9 

0 

99 

4 

445 

4 
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The  190  feet  of  wUte  aandstone  in  the  boring  has  been 
referred  by  some  to  the  millstone  grit,  bat  probably 
belongs  to  the  waterstone,  as  suggested  by  Mr.  Peacock. 
He  stated  the  solphur  spring  met  with  in  the  boring,  nsed  at 
Middleton  Spa,  was  also  found  in  a  search  for  gypsum,  in  a 
boring  at  Ormesburg  Olr.  Pennyman's  lodge  gates,)  near 
Middlesborough,  in  1851,  a  depth  of  40  feet,  the  section 
being: — 

Clay  and  sand 7 

Bedclay 14 

Bluemetal  3 

Ironstone  girdle 0 


in. 

0 


0 
0 
4 
8 


41    0 


Two  miles  north-west  of  the  Woodhead 
holme,  a  boring  was  put  down  in  1809, 
Allan,  M.P.,  of  which  the  following  account 

Peacock: — 

I 

oano,        ••••         •••■         ••••  I 

Clay  and  cobble  stones i    Drift,    i 

Quick  sand.  .         ....         ^ . . .  j     34  ft.    I 

Cobbles  and  sand  ) 

Red  sand  post  (water)      

Grey  sand  post     

Ditto,  rather  hard  clay  following       

Red  soft  sand  post   ....         

Strong  red  post    .  .         

Soft  red  post,  not  so  red  

Hard  dark-red  post  

Clay  and  post        

Red  post        

Flooring \  Grey  

Hard  grey  post  j  beds 


boring  at  Ery- 
by  Mr.  George 
is  given  by  Mr. 


ft    in. 


34    0 


ft. 

in. 

12 

0 

16 

0 

2 

0 

4 

0 

60 

0 

3 

0 

121 

0 

3 

0 

300 

0 

12 

0 

90 

0 

3 

0 

24 

0 

1 

0 

12 

0 

666 

0 

Ill 


Coatham  Boring,  1867,   (communicated  by  Mr.  Peacock, 

M.E.) :— 


Depth. 

fThickneat. 

ft.    in. 

ft.    in. 

1. 

VyXtt  Y            •«*         ■••         .••         ••.         •••         •• 

.     6    0 

6     0 

■   2. 

Blue  shale,  with  dagger  band     . . 

39     0 

3. 

Nodular  band       

1     6 

• 

oo 

4. 

Blue  shale        

1     8 

03 

•  mm 

1^ 

5. 

Nodular  band       

2    0 

^<    6. 

Blue  shale        

6    4 

1 

7. 

Nodular  band       

1     6 

H^ 

8. 

Blue  shale        

•  1 

21     0 

9. 

Bastard  post  grey        

5     0 

LlO. 

Blue  shale,  with  hard  band    

•  I 

33     0 

11. 

Dark  shale,  with  sulphuretted  band  165     0 

12    0 

12. 

White  and  grey  post,  with  wate] 

tJ 

• 

1  C//  I'tL  J           ••«          •••          •••          «•.          •••| 

9    0 

"§  \  13. 

Red  and  white  mottled  post,  and' 

blue  and  white        

• 

12     0 

14. 

Dark  blue  metal,  with  whin  girdles' 

19     0 

.15. 

White  shale ;223     0 

18    0 

fl6. 

Red    marl,    mixed    with  1 

• 

gypsum      

74     0 

1 

17. 

1 

Whin  band 

0    2 

S 

1& 

Red  marl        

23     0 

Iii9. 

Whin  band 

ai8  ( 

5 

0    3 

9 
tad 

20. 

Red  marl,  strong    

7     0 

r*i 

21. 

Gypsum      

1     4 

22. 

Red  marl        

341     6 

0    9 

Works  for  the  manufacture  of  salt  formerly  existed  at 
Tod  Point,  but  Mr.  Peacock  states  whether  sea  water  or  the 
brine  spring  from  the  sea  was  used,  is  doubtfid.  About 
1856,  a  6  feet  shaft  was  sunk  on  the  marsh  near  Coatham, 
by  the  late  Mr.  Slate,  of  Redcar,  in  a  fruitless  search  for 
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coaly  a  strong  brine  was  met  with,  to  find  whicli  the  above 
boring  was  put  down  to  find,  but  the  brine  spring  met  with 
did  not  realize  expectation. 

This  boring  is  valuable  as  showing  the  actual  junction  of 
the  lias  and  marls  with  gypsum,  which  latter,  as  pointed  out  by 
Mr.  Peacock,  are  28  yards  thick  in  the  Middlesboro'  boring. 
The  limestones,  thick  salt  beds,  and  gypsum  in  that  boring, 
are  probably  referable  to  the  Permian,  the  intervening  beds 
of  red  sandstone,  673  feet,  are  probably  referable  to  the 
Water  Stones  and  Lower  Mottled  Bunter,  the  Upper 
Mottled  and  Pebble  Beds  having  thinned  out. 

In  conclusion,  it  would  appear  that  a  gradual  overlap 
eastwards,  takes  place  in  all  the  triassie  strata,  along  a  north- 
east and  south-west  line,  the  more  marked  transgression 
being  that  at  the  base  of  the  Ecuper  Waterstones,  and  at 
the  base  of  the  Pebble  Beds  of  the  Bunter.  Lines  of 
extensive  erosion  occuring  at  the  base  of  the  Keuper  building 
stones  and  conglomerates,  and  on  the  base  of  the  Pebble 
Beds  of  the  Bunter.  The  great  thickness  of  these  triassic 
deposits  in  the  north-west,  is  proved  by  these  borings,  and 
and  their  thinning  out  to  the  south-east,  is  established,  and 
has  an  important  bearing  on  the  depth  to  concealed  coalfields 
as  well  as  on  the  water  bearing  capacity  of  the  Triassic 
Sandstones. 
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An  Ordinary  Meeting  of  the  Members  of  the  Society 
was  held  on  Tuesday,  the  25th  March,  in  the  Literary 
and  Philosophical  Society^s  Rooms,  George  Street,  Man- 
chester; 

E.  W.  BiNNEY,  Esq.,  F.R.S.,  Vice-President, 

in  the  Chair. 


SAFETY  LAMPS. 


By  Messrs.  William  Smethurst,  F.G.S.,  and  James 
AsmvoRTH,   Mining  Engineers. 

The  most  important  question  a  mining  engineer  of  the 
present  day  has  to  decide,  on  the  opening  up  or  continuing 
the  safe  working  of  coal  mines,  is  which  safety  lamp  he 
ought  to  choose,  out  of  the  large  number  now  invented,  to 
ensure  the  greatest  security  for  himself,  his  workmen,  and 
the  mines  under  his  care,  amidst  the  ever  varying  condi- 
tions met  with  in  their  working. 

Hitherto  this  decision  has  been  left  entirely  in  the  hands 
of  the  mining  engineer,  and  the  consequence  is  that  he  has 
generally  chosen  the  safety  lamp  which  his  training  has  led 
him  to  consider  the  best. 

L 
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Is  19  fingtxlar  diac  our  Gaw^BCsmeaoL  lupoid  Itsve  alkyired 
90  sukL  Tacfmrfp  in.  dii^  Iftrfrtnig  at  mfnes  givizi^  off  fice- 
4ftTPp^  wEoL  w^  cfflifftifeg  t:^  ^zm^cst:  re^oIiitBBift  euXufced 
^  Acta  of  Paziiaxi&sic  uo  pmfieec  ptamna  wucklng  in  sadi 
Bizus^  and  tfimie  cazL  be  Ifcde  Asuiic  c&at  if  dtb  question 
hui  only  reeorcd  giesss  asayntfnn,  ws  Jaaold  sot  Iisre  luid 
m>  waxaj  Et«s  lost  hj  espLodmna  dazing  t&e  last  isw  jeazs. 

tkb  Soesety  wSi  brm^  fEffwazd  aE  tiie  in  ft  n  iwafciop  they  can 
to  aeeoad  tlie  iem  ofaaaniiaBa  we  baTe  to  offer,  w«  ngrw 
mtrodnce  this  mbject. 

Papers  on  Safety  Lamps  Iiame  been  read  befoie  kindred 
goeietiea,  ^^enments  LaTe  l)eai  made  both  by  committees 
of  tnTtifXftg  institstea  and  {ffi^ELtelT  by  mTTimg  engineers^  and 
m  one  instance  by  a  Boyal  Commiaaoa  ^eciallT  appointed 
for  the  purpose  by  the  Bdgian  GoTenanent,  and  yet  in  no 
instance  except  the  latter  hare  the  experimenta  ao  mftda 
rented  in  anv  practical  good. 

Only  thoee  lamps  approTed  of  by  the  Commission  referred 
to,  and  made  according  to  the  proportions  specified  in  the 
decree,  are  allowed  to  be  nsed  in  Belgium  in  mines  giving 
off  firedamp. 

And  we  may  here  express  our  hope  that  the  Eoyal  Com- 
miMnV>n  just  appointed  by  our  own  Government  may,  after 
full  investigation,  report  in  favour  of  a  similar  law,  as  the 
importance  of  having  some  additional  compulsory  regula- 
tions regarding  the  lighting  of  mines  has  been  forced  on  the 
attention  of  everybody,  and  ought  not  to  be  delayed  longer 
than  is  compatible  with  a  very  careful  enquiry. 

A  few  months  ago  the  Council  of  the  North  of  England 
IiiHtituto  of  Mining  and  Mechanical  Engineers  considered 
that  this  question  required  the  immediate  attention  of  our 
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Ooyeinment,  and  with  the  view  of  obtaining  the  opinions  of 
all  the  Mining  Societies  and  Associations  in  this  country, 
ihejr  sent  out  invitations  asking  for  representatives  to  meet 
them  on  the  15th  of  February  last.  Some  accepted,  some 
did  not ;  but  it  mattered  little,  as  the  Government  took  the 
country  by  surprise  by  appointing  a  Boyal  Commission  early 
in  February  to  fully  investigate  the  whole  of  the  points 
bearing  on  mining  disasters,  thus  granting  the  request 
before  it  was  actually  made,  and  consequently  causing  the 
abandonment  of  the  proposed  movement. 

Without  entering  into  the  history  or  cause  of  our  making 
experiments  on  safety  lamps,  suffice  it  to  say  that  they  were 
commenced  prior  to  the  Haydock  explosion  last  year,  and 
received  additional  impetus  from  the  fact  that  the  only 
reason  which  could  be  assigned  for  the  first  lighting  of  the 
firedamp  in  that  case  was  the  passage  of  the  flame  through 
a  Davy  lamp  gauze  in  a  very  ordinary  velocity  of  the  venti- 
lating current.  We  do  not  doubt  that  such  was  the  case, 
assisted  by  the  fine  coal  dust  with  which  the  ventilating 
current  would  be  charged  during  working  hours. 

At  Brynn,  where  we  have  made  experiments  on  safety 
lamps,  and  which  are  being  continued  by  Mr.  Smethurst, 
there  is  a  most  important  item  to  assist  in  the  successful  and 
practical  pursuit  of  such  an  investigation,  viz.,  a  good  supply 
of  pure  firedamp  from  that  most  dangerous  of  Lancashire 
coal  mines,  the  Wigan  six  or  nine  feet. 

After  proceeding  with  our  experiments  for  some  time,  we 
had  to  admit  that  many  of  the  researches  we  shoidd  wish  to 
pursue,  to  render  our  tabulated  tests  anything  like  complete, 
would  occupy  more  time  than  we  could  devote  to  them,  and 
we  consider  the  experiments  made  thus  far  are  only 
preliminary  ones.  Had  we  not  promised  to  bring  the 
subject  forward  at  this  meeting,  we  should  certainly  have 
delayed  doing  so. 


T'^  utnxui.  JL   nmhufniuz  ivr  ssxcinssrsi.  ^iias  we  must 
<^uty  'iut  jRrMUta    ifinmu^L  ly  musr  ^^;j9/irhwt»*nroBir%.  ^^  £iir  as 

.ninimr  "r.-irx*.  uul  T=ijr»  ?airiEaE!L  tj  «»  inr  iitfBgn'  is  the 

'Vur  ffunniwi  m  'fui^  i«uiii:  ^mas-  -rrrwiwrrnH?  w&QL  we  found 
«v  xMt^  Wi  w  "iiii  7»ar  I^^i^L  x  T'*!-  P^ira^  •^aestuDing'  the 
«if**rj  \t  '-ift  l'i~7  iiinT7.  iai£  ir  i»  iLsa  x  'inrioas  ixt  that 
jtnr?*  ]>«r<«L»  Jui'Ta;?  in  tunuEiHiiaj  if  in* :ise  oaTe qnestumed 
J**  45if«*jrr.  "iiitn  ":Iit>ie  viLL  larr^  imi  ri  w^jold  he  hazd  to 
'*^yii*\:\  .ir>»r  ir  >  iIlai  "»"-*  iiii»  ir:nt*  jil  w*jAIiig  with  this 
jwx-y  ^%r  *r.  3ia3.j  jjfLTf  II  isniwi  «t!Tirfsjr  in  spcfie  of  most 
'<«Kln;tv*  ▼iraimr*   -ic  ra  zxawci^  ia  &  low  TeLochr  of  the 

T'-"  *^\  -'..it^l  :t:ri£.£rJi':^f  Lt*  'rtn^n  rliuiei  in  the  Daw 
,.4ro   *'.i"    r.  rx^l .?*i.:i.:^*.  irr^r  fxclcifi^.c^.  ::  Kas  been  the 

#«>'  •  *  ^     ^    fW-^  A     *  ^«       Hi.  ■    A     V  ^  —  *  *-•»  -  ^^.A     -**:^  ...     <Ai^A    *    * ^^^  T» 

f;.  T.r;  £7**  T.Iir::^  •::  :le  TriniaicrioiL^  of  the  North  of 
i^,'/,?.:A  Iz^-^.^^^r:  c:  Mir'r.ir  ini  ilccLinical  Engineers 
•.;./:?*;  ',*  i  y^l^-'  •-■-  ^iiit-^j  Liniiri.  bv  the  President,  in 
»;..'/:?.  :.^  ;r'Tes  detiJI-  :i  ?*:.me  exc-eriments  made  bv  him  in 
M^y,  iir.'i  aL-o  by  Mr.  T.  J.  Taylor,  in  June,  1853,  with 
lw»y  ]j'^zu\rt  pLarvvi  on  a  revolriiig  arm  in  an  explosive 
a* ;/;'/' j/'.f;r^.  o:  rlr»>ian:p  ;inl  air,  resulting  in  the  passage  of 
the-  fJ;irfic  thr  >T:gn  the  g-^uze  in  a  velocity  of  13  feet  per 
M'j'jfiA,  Proliably  the  reports  of  the  Committees  of  1835, 
JHI'^,  I'^'V^,  and  the  South  Shields  Committee,  caused  Mr. 
VV'/yl  to  make  the  above  experiments  in  18-33,  for  they  aU 
iufuift  iff  the  conclusion  "  that  the  Davj'  lamp  was  absolutely 
**  iHJHufe,  and  that  no  doubt  can  remain  that  it  has  been  the 
"caiiwj  of  H^jHie  of  the  hitherto  unaccountable  accidents 
**  wliirli  have  occurred  ;  also,  that,  where  a  proper  degree  of 
'*  ventilation  does  not  exist  in  a  mine,  the  Davy  lamp,  or 
"  any  modification  of  it,  must  be  considered  rather  as  a  lure 
•*  to  danger  than  as  a  perfect  security." 
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Even  at  this  date,  the  danger  of  coal  dust  in  the 
ventilating  current  was  recognised  by  Mr.  Darlington,  who 
said  "  that  there  are  very  numerous  instances  of  accidents 
"  which  could  only  bo  attributed  to  dust  flying  off  a  hot 
"lamp  in  sparks,  and  thus  creating  an  explosion.'* 

The  attention  thus  called  to  the  safe  lighting  of  mines 
caused  the  North  of  England  Institute  of  Mining  and 
Mechanical  Engineers  to  appoint  a  committee  to  thoroughly 
investigate  the  question,  and  five  years  were  spent  in 
experimenting  before  they  presented  their  second  and  final 
report  in  December,  1867,  which  contains  the  following 
evidently  reluctant  admission  :  **  They  were  obliged  to  make 
*'  known  the  insecurity,  under  certain  conditions,  not  pre- 
"  viously  fully  appreciated  and  realized,  of  the  safety  lamps 
"  so  long  looked  upon  as  the  safeguard  of  the  miner." 

This  committee  did  not  conclude  their  labours  before  they 
had  tested  a  safety  lamp  of  the  Clamiy  type,  with  an 
improvement  suggested  by  Mr.  Lindsay  Wood,  and  so 
highly  did  they  esteem  it,  that  it  was  proposed  to  call  it  the 
"  Institute  Lamp." 

The  improvement  was  very  simple,  and  consiste<l  in 
placing  a  gauze  of  small  diameter,  and  rather  shorter  than 
the  height  of  the  glass,  immediately  over  and  surrounding 
the  flame,  but  it  does  not  appear  to  have  come  into  general 
use,  probably  from  the  fact  that  it  would  give  a  very 
deficient  light,  and  the  small  gauze  would  soon  be  sooted  up. 

These  experiments  were  followed,  in  the  year  1876,  by 
the  report  of  the  Belgian  Commission  before  referred  to, 
which  made  a  very  extended  and  careful  scries  of  experi- 
ments without  going  over  the  same  ground  as  the  North  of 
England  Institute — in  fact,  beginning,  where  the  latter  left 
off. 

Again  the  result  had  a  practical  ending,  as  the  Belgian 
Gh)vemment  adopted  the  suggestions  of  their  Commission, 
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and  made  the  use  of  the  Mueseler  lamp,  of  certain  specified 
dimensions,  compulsory  throughout  all  mines  giving  off 
firedamp. 

We  are  enabled  to  place  before  jou  a  translation  of  the 
whole  of  the  experiments ;  firstly,  through  the  kindness  of 
the  Chief  of  the  Belgian  Mining  Department;  and,  secondly, 
through  the  practical  assLstance  of  Mr.  C.  G.  Jackson,  of 
the  Wigan  Coal  and  Iron  Company,  who  has  taken  a  great 
interest  in  our  tests. 

Before  stating  the  results  of  our  own  experiments  we  will 
shortly  give  a  history  of  the  safety  lamp. 

The  first  attempt  to  light  a  mine  giving  off  firedamp  by 
anything  excepting  a  candle,  or  other  open  light,  was  by 
phosphorescent  fish  skins ;  secondly  by  the  steel  mill,  which 
was  only  safe  up  to  a  certain  point ;  and  thirdly  by  Dr.  E. 
M.  Clanny's  first  safety  lamp  invented  in  1813. 

This  lamp  deserves  particular  notice,  as  it  was  the  first 
lamp  ever  taken  into  an  explosive  atmosphere,  viz.,  on 
November  20th,  1815,  without  accident ;  its  safety  consisting 
in  the  fact  that  the  air  necessary  for  the  combustion  of  the 
flame  was  blown  into  the  lamp  through  a  stratum  of  water  in 
the  bottom  of  the  lamp  by  a  pair  of  small  bellows,  whilst 
the  heated  gases  passed  out  through  a  recurved  tube  at  the 
top. 

Dr.  Clanny  then  made  another  lamp,  in  which  he  intro- 
duced the  steam  of  water  generated  in  a  small  vessel  at  the 
top  of  the  lamp,  and  heated  by  the  flame.  Both  these  lamps 
were  too  clumsy  for  the  ordinary  work  of  a  coal  mine,  and 
required  the  constant  attendance  of  a  boy  to  work  the  bellows. 

It  was  not  imtil  three  years  later  that  the  lamps  which 
are  still  in  general  use  were  designed  by  Sir  H.  Davy  and 
Mr.  Stephenson, 

During  the  interval,  Mr.  Tennant  had  noticed  in  his 
"  Researches  on  Flame  "  that  burning  gases  would  not  pass 
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through  tubes  of  a  certain  diameter ;  and  this  principle  Sir 
H.  Davy  further  applied  by  discovering  that  flame  would  not 
pass  through  a  great  many  appertures,  when  their  depth 
was  equal  to  their  diameter. 

Sir  H.  Dayy  communicated  his  discovery  to  the  Philoso- 
phical Society  in  1816,  in  a  paper  entitled  "  An  accoimt  of 

an  invention  for  giving  light  in  explosive  mixtures  of 

firedamp  in  coal  mines  by  consuming  the  firedamp,"  and 
in  January,  1817,  a  further  paper  on  "  Some  new  experi- 
''ments  and  observations  on  the  combustion  of  gaseous 
''mixtures,  with  an  accoimt  of  a  method  of  preserving  a 
"  continued  light  in  mixtures  of  infiammable  gases  and  air 
"  without  flame." 

Mr.  Stephenson  in  his  invention  applied  the  principle  that 
burning  gases  woidd  not  pass  through  tubes  of  a  certain 
diameter,  as  his  original  lamp  consisted  of  a  glass  cylinder 
with  a  perforated  metal  cap,  to  allow  the  heated  air  to 
escape,  and  a  series  of  perforations  in  the  bottom  to  admit 
the  air  necessary  for  the  combustion  of  the  flame,  and  the 
whole  being  surrounded  by  a  sheet  iron  covering,  containing 
large  roimd  holes  to  allow  the  light  to  pass  outwards. 

In  the  Stephenson  lamp  of  the  present  day,  this  sheet 
iron  covering  is  replaced  by  gauze,  which  constitutes 
practically  the  only  difference  between  the  form  of  the  lamp 
as  originally  constructed,  and  the  one  now  in  every-day  use. 

Dr.  Clanny,  not  disheartened  by  the  practical  failure  of 
his  first  two  lamps,  invented  and  constructed  another  in  the 
present  well  known  form. 

If  we  were  to  describe  the  whole  of  the  safety  lamps  which 
have  been  invented  since  the  three  already  described  were 
brought  out,  we  should  find  that  the  general  principles  of 
all  of  them  originate  from  the  Davy,  Stephenson,  and 
Clanny  types,  with  the  addition  of  metallic  tubes  in  some 
instances. 


TSbt  twnw^y  c^  Janupi  ikimitet  ^eCweoL  li§S  xad  1875 

wnPeagSA  ttbamz  sx  per  amnniL;  and  grave  cSbrts  iisTe 
cficifiitiT  beflL  made  tsa  iiLfaiii  loaiips  wit&  leeks  tint 
eazmct  be  tampered  witi*  or  ££  tssnpered  wrc&y  will  cmae 
&e  estrnetibiL  af  tbe  few***,  aod^  alsov  ^  ensare  tlie  total 
extizictfiHL  of  t^  Ssaa^  wisi  fireduiEp  explodes  m  the  lamp. 

Of  i0<iffe(#  aalgtr  lamip^  t^  best  kmiwiL  type  are  tlioae 
witk  tbe  aereir  loek^  t&e  paibck^  Cn%  and  BoIdeTs'  mag- 
aetie  loek.  Hut  lead  rrrHC,  and  Teftlie*^  protector  lock. 

Of  tbe  trpe  ci  isunpft  witsek  are  ^If-ertin^iakimg  when 
tlie  fire^mp  explodes  in  t&e  hoKp.  t&e  best  known  are  the 
Stepiiex!:30fi  and  Ae  MtaegeL^r. 

Of  imprtyremssts  to  pro^iaee  a  jff#«fr  <C7k/  aortf  briliknU 
B^iy  we  mar  name  tiie  Miiescler^  tlie  WnEaaascn,  and  all 
daaacg  of  laznps  lumg  colxilme  oS ;  and  we  widi  to  observe 
in  pewfting  th^t  firefiamp  t^an  be  more  exisQy  detected  by 
lampfi  annj?  tbL»  o£l  than  by  Lirnp^  u^m^  ordinary  lamp  oils, 
thii  efiect  being  due  to  the  clearness  of  the  fiame. 

Of  safety  lamp^  of  imprrrrfd  oymfn^f^ticiK  the  numbers  are 
too  ntuneToxH  to  make  it  worth  while  giTine  a  list,  but  the 
following  are  in  actoal  use  :  the  Mueseler,  the  Bainbridge, 
the  Willianwon^  and  the  Pdton.  Mo«5t  of  the  lamps  un- 
named, although  safe,  are  either  too  complex  in  their  con- 
rtruction,  too  heavy  ^for  instance  the  electrical  lamp)  or 
have  some  great  fault  which  their  non-practical  inventors 
could  not  realize. 

(H  natety  lamps  /or  me  by  firemen  in  makin<>  their  dailv 
insper-f  lonn,  no  lamp  has  in  this  country  yet  replaced  the 
Davy  r/r  the  Stephenson  (with  a  shorter  glass  cylinder  than 
ordinary  workman's  lamp),  although  a  smaller  percentage 
of  ga»  can  be  more  readily  detected  by  the  Muessler  than  by 
any  of  the  above-named  lamps. 

The  continued  use  of  the  Davy  and  Stephenson  lamps  by 
firemen  probably  arises  from  the  fact  that  they  are  more 
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adapted  to  the  ordinary  method  of  shot  lighting  than  any 
other  form  of  safety  lamp. 

A  difficulty  is  here  met  with  in  the  shot  lighter,  who  must 
use  a  lamp  so  constructed  that  he  can  heat  his  wire  in  the 
flame,  and  still  have  as  safe  a  lamp  as  any  in  the 
mine;  his  lamp  being  often  put  to  more  severe  tests 
than  any  other,  and  if  a  blown  out  shot  takes  place  it 
would  be  the  first  to  receive  the  concussion,  the  increased 
velocity,  dust,  and  heated  atmosphere.  So  far  as  our 
experiments  have  gone,  the  best  and  safest  lamp  to  be  used 
by  a  shot  lighter  is  one  of  the  improved  "Jack"  Davy 
lamps,  referred  to  in  this  paper. 

When  commencing  our  experiments,  we  decided  to 
construct  with  wooden  boards  a  model  of  a  coal  working, 
consisting  of  two  levels,  and  a  cut  through  of  12 in.  by  Gin. 
section,  and  three  drifts  out  of  the  top  level  12  in.  by  12  in., 
with  a  brattice  up  the  centre,  with  glasses  placed  in  the 
sides  in  various  places,  to  enable  us  to  observe  the  efiEect  pro- 
duced when  an  explosion  occurred. 

We  placed  a  sound  Davy  lamp  at  the  top  end  of  the  drift 
(No.  3)  nearest  the  upcast,  filled  No.  2  drift  with  gas,  and 
then  charged  the  ventilating  current,  which  had  a  velocity 
of  9  ft.  per  second,  with  a  certain  amount  of  gas,  and  as  soon 
as  the  gas  showed  in  the  lamp  the  brattice  in  No.  2  was 
altered  to  allow  the  gas  stored  up  to  be  carried  by  the  current 
on  to  the  lamp,  resulting  quickly  in  a  heavy  explosion  which 
did  practically  no  damage  in  the  drift  where  the  lamp  was, 
nor  in  No.  2  except  to  split  the  boards  on  the  top  and 
bottom,  but  No.  1  and  the  cut  through  were  completely 
destroyed,  although  the  wood  was  oak  boardings  of  l^in. 
thick.  This  experiment  was  repeated  with  exactly  the  same 
result,  thus  showing  in  an  experimental  way  that  the  greatest 
damage  is  not  necessarily  caused  at  the  seat  of  the  explosion. 

After  this  experience  we  used  only  the  straight  level  with 
escape  doors,  to  give  the  force  of  the  explosion  free  exit. 
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The  yelooitj  of  the  air  currait  was  regulated  and  main* 
tained  by  a  steam  jet,  and  in  our  later  experiments  regis- 
tered by  a  Dickinson's  aneomometer  up  to  lift,  per  second^ 
and  by  a  Biram  above  lift. 

In  all  our  latest  experiments^  the  Dickinson  was  constantly 
in  the  tube,  and  the  velocities  were  accurately  taken  at  the 
exact  time  the  explosion  occurred,  and  all  variation  in  the 
vebcities  during  the  tests  were  also  accurately  registered. 

The  records  of  our  earlier  experiments  are  not  so  complete 
as  we  could  have  desired,  in  consequence  of  the  breakage  of 
the  Dickinson  anemometer. 

The  lamps  we  have  experimented  on  so  far  are : — 

Davy  type. — Ordinary  Davy,  large  and  small  Scotch  lamps, 
improved  Davy  by  Mr.  Smethurst,  Do.  do.  by  Mr.  Ashworth 
and  Mr.  Woolrych,  Davy  of  small  diameter  of  gauze  by 
Mr.  TJ.  E.  Dickinson,  and  "  Jack  **  lamps. 

Chnny  type, — Large  and  small  Clanny's,  Mueseler's  lamps 
by  various  makers,  Williamson,  Pelton,  Bainbridge,  Eloin, 
Gray,  Glover,  and  Cail. 

Stephenson  type. — Ordinary  Stephenson  and  Williamson. 
With  the  following  results : — 

An  ordinary  Davy,  with  the  shield  down,  in  a  velocity  of 
pure  air  of  20  ft.  per  second,  without  gas,  and  the  flame 
facing  the  current,  went  out  in  45  seconds. 

Do.,  with  shield  towards  the  current,  went  out  in  4  seconds 
to  15  seconds. 

Tests  with  velocity  of  20ft.  over  3  minutes  of  time  : 

Davy,  with  shield  up,  went  out  at  once. 

Clanny  lamp,  in  the  same  velocity,  went  out  in  3  minutes; 
light  very  flickering ;  not  a  working  light. 

Williamson,  in  the  same  velocity :  light  very  flickering  ; 
not  a  working  light ;  not  out. 

Ashworth  and  Woolrych 's  Davy :  flickering  light,  but 
steadier  than  the  others  ;  not  out. 
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Stephenson :  light  very  flickering. 
Small  Muesder :  good  working  light,  and  steadier  than  the 
others. 

Ashworth's  large  Mueseler :  very  steady  light. 

Teats  icith  velocity  of  98ft.  per  second  over  space  of  S  minutes. 

Clanny :  very  little  light ;  out  in  1  minute  7  seconds. 

Stephenson,  with  large  flame :  not  a  working  light  at  all ; 
not  out. 

Ashworth  and  Woolrych's  Davy — ^Teale's  oil :  flame  very 
flickering ;  not  out. 

Small  Mueseler:  light  much  reduced ;  not  a  working  light; 
not  out. 

Ashworth's  laige  Mueseler :  steady  working  light. 

Some  details  of  the  eKperhnssitB  aie  set  forth  on  the  next 
page. 
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It  is  singular  that  our  Goyemment  should  have  allowed 
so  much  latitude  in  the  lighting  of  mines  giving  off  fire- 
damp, when  we  consider  the  stringent  regulations  enforced 
by  Acts  of  Parliament  to  protect  persons  working  in  such 
mines,  and  there  can  be  little  doubt  that  if  this  question 
had  only  received  greater  attention,  we  should  not  have  had 
so  many  lives  lost  by  explosions  during  the  last  few  years. 

Therefore,  with  the  certain  knowledge  that  the  members  of 
this  Society  will  bring  forward  all  the  information  they  can 
to  second  the  few  observations  we  have  to  offer,  we  now 
introduce  this  subject. 

Papers  on  Safety  Lamps  have  been  read  before  kindred 
societies,  experiments  have  been  made  both  by  committees 
of  mining  institutes  and  privately  by  mining  engineers,  and 
in  one  instance  by  a  Boyal  Commission  specially  appointed 
for  the  purpose  by  the  Belgian  Government,  and  yet  in  no 
instance  except  the  latter  have  the  experiments  ao  made 
resulted  in  any  practical  good. 

Only  those  lamps  approved  of  by  the  Commission  referred 
to,  and  made  according  to  the  proportions  specified  in  the 
decree,  are  allowed  to  be  used  in  Belgiimi  in  mines  giving 
off  firedamp. 

And  we  may  here  express  our  hope  that  the  Eoyal  Com- 
mission just  appointed  by  our  own  Government  may,  after 
full  investigation,  report  in  favour  of  a  similar  law,  as  the 
importance  of  having  some  additional  compulsory  regula- 
tions regarding  the  lighting  of  mines  has  been  forced  on  the 
attention  of  everybody,  and  ought  not  to  be  delayed  longer 
than  is  compatible  with  a  very  careful  enquiry. 

A  few  months  ago  the  Coimcil  of  the  North  of  England 
Institute  of  Mining  and  Mechanical  Engineers  considered 
that  this  question  required  the  immediate  attention  of  our 
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Gbyemment,  and  with  the  Tiew  of  obtaining  the  opinions  of 
all  the  Mining  Societies  and  Associations  in  this  country, 
they  sent  out  invitations  asking  for  representatives  to  meet 
them  on  the  15th  of  February  last.  Some  accepted,  some 
did  not ;  but  it  mattered  little,  as  the  Govemment  took  the 
country  by  surprise  by  appointing  a  Royal  Commission  early 
in  February  to  fully  investigate  the  whole  of  the  points 
bearing  on  mining  disasters,  thus  granting  the  request 
before  it  was  actually  made,  and  consequently  causing  the 
abandonment  of  the  proposed  movement. 

Without  entering  into  the  history  or  cause  of  our  making 
experiments  on  safety  lamps,  suffice  it  to  say  that  they  were 
commenced  prior  to  the  Haydock  explosion  last  year,  and 
received  additional  impetus  from  the  fact  that  the  only 
reason  which  could  be  assigned  for  the  first  lighting  of  the 
firedamp  in  that  case  was  the  passage  of  the  flame  through 
a  Davy  lamp  gauze  in  a  very  ordinary  velocity  of  the  venti- 
lating current.  We  do  not  doubt  that  such  was  the  case, 
assisted  by  the  fine  coal  dust  with  which  the  ventilating 
current  would  be  charged  during  working  hours. 

At  Brynn,  where  we  have  made  experiments  on  safety 
lamps,  and  which  are  being  continued  by  Mr.  Smethurst, 
there  is  a  most  important  item  to  assist  in  the  successful  and 
practical  pursuit  of  such  an  investigation,  viz.,  a  good  supply 
of  pure  firedamp  from  that  most  dangerous  of  Lancashire 
coal  mines,  the  Wigan  six  or  nine  feet. 

After  proceeding  with  our  experiments  for  some  time,  we 
had  to  admit  that  many  of  the  researches  we  shotdd  wish  to 
pursue,  to  render  our  tabulated  tests  anything  like  complete, 
woidd  occupy  more  time  than  we  could  devote  to  them,  and 
we  consider  the  experiments  made  thus  far  are  only 
preliminary  ones.  Had  we  not  promised  to  bring  the 
subject  forward  at  this  meeting,  we  should  certainly  have 
delayed  doing  so. 
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We  found,  in  conducting  our  experiments,  that  we  must 
study  the  results  obtained  by  other  experimenters  as  far  as 
possible,  and  in  doing  so,  we  searched  some  of  the  standard 
mining  works,  and  were  surprised  to  see  how  meagre  is  the 
information  given  on  safety  lamps. 

Our  surprise  on  this  point  was  intensified  when  we  found 
so  long  ago  as  the  year  1833,  a  Dr.  Priara  questioning  the 
safety  of  the  Davy  lamp,  and  it  is  also  a  curious  fact  that 
more  persons  having  no  experience  of  its  use  have  questioned 
its  safety,  than  those  who  have,  and  it  would  be  hard  to 
explain  how  it  is  that  we  have  gone  on  working  with  this 
lamp  for  so  many  years  in  fancied  security  in  spite  of  most 
definite  warnings  of  its  insecurity  in  a  low  velocity  of  the 
ventilating  current. 

Yet  80  much  confidence  has  been  placed  in  the  Davy 
lamp,  that  in  explorations,  after  explosions,  it  has  been  the 
lamp  asked  for  and  preferred  before  all  others. 

In  the  first  volume  of  the  Transactions  of  the  North  of 
England  Institute  of  Mining  and  Mechanical  Engineers 
there  is  a  paper  on  Safety  Lamps,  by  the  President,  in 
which  he  gives  details  of  some  experiments  made  by  him  in 
May,  and  also  by  Mr.  T.  J.  Taylor,  in  June,  1853,  with 
Davy  lamps  placed  on  a  revolving  arm  in  an  explosive 
atmosphere  of  firedamp  and  air,  resulting  in  the  passage  of 
the  flame  through  the  gauze  in  a  velocity  of  13  feet  per 
second.  Probably  the  reports  of  the  Committees  of  1835, 
1849,  1852,  and  the  South  Shields  Committee,  caused  Mr. 
Wood  to  make  the  above  experiments  in  1853,  for  they  all 
come  to  the  conclusion  *'  that  the  Davy  lamp  was  absolutely 
"  unsafe,  and  that  no  doubt  can  remain  that  it  has  been  the 
"cause  of  some  of  the  hitherto  unaccountable  accidents 
"  which  have  occurred  ;  also,  that,  where  a  proper  degree  of 
"  ventilation  does  not  exist  in  a  mine,  the  Davy  lamp,  or 
"  any  modification  of  it,  must  be  considered  rather  as  a  lure 
"  to  danger  than  as  a  perfect  security." 
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Even  at  this  date,  the  danger  of  coal  dust  in  the 
ventilating  current  was  recognised  by  Mr.  Darlington,  who 
said  "  that  there  are  very  numerous  instances  of  accidents 
"  which  could  only  be  attributed  to  dust  flpng  off  a  hot 
"lamp  in  sparks,  and  thus  creating  an  explosion." 

The  attention  thus  called  to  the  safe  lighting  of  mines 
caused  the  North  of  England  Institute  of  Mining  and 
Mechanical  Engineers  to  appoint  a  committee  to  thoroughly 
investigate  the  question,  and  five  years  were  spent  in 
experimenting  before  they  presented  their  second  and  final 
report  in  December,  1867,  which  contains  the  following 
evidently  reluctant  admission  :  "  They  were  obliged  to  make 
"  known  the  insecurity,  under  certain  conditions,  not  pre- 
viously fully  appreciated  and  realized,  of  the  safety  lamps 
so  long  looked  upon  as  the  safeguard  of  the  miner." 

This  committee  did  not  conclude  their  labours  before  they 
had  tested  a  safety  lamp  of  the  Clanny  type,  with  an 
improvement  suggested  by  Mr.  Lindsay  Wood,  and  so 
highly  did  they  esteem  it,  that  it  was  proposed  to  call  it  the 
"  Institute  Lamp." 

The  improvement  was  very  simple,  and  consisted  in 
placing  a  gauze  of  small  diameter,  and  rather  shorter  than 
the  height  of  the  glass,  immediately  over  and  surrounding 
the  flame,  but  it  does  not  appear  to  have  come  into  general 
use,  probably  from  the  fact  that  it  would  give  a  very 
deficient  light,  and  the  small  gauze  would  soon  be  sooted  up. 

These  experiments  were  followed,  in  the  year  1876,  by 
the  report  of  the  Belgian  Commission  before  referred  to, 
which  made  a  very  extended  and  careful  scries  of  experi- 
ments without  going  over  the  same  ground  as  the  North  of 
England  Institute — in  fact,  beginning,  where  the  latter  left 
off. 

Again  the  result  had  a  practical  ending,  as  the  Belgian 
Gbvemment  adopted  the  suggestions  of  their  Commission, 
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49.  Gypsum,  (called  "chalk  and  pipe  clay," 

Red  shaly  sandstone     

„     sandstone  with  a  shaly  appearance 

Shaly  sandstone  and  gypsum       

Sandstone,  with  carb.  and  sulph.  of  lime 

54.  Ditto 

55.  Ditto      


ft. 

6 

in. 
9 

3 

0 

8 

8 

9 

5 

6 

8 

2 

3 

1 

6 

5 

1 

9 

1 

4 

9 

4 

0 

1 

4 

6 

4i 

16 

2i 

1     0 


24    3 


0 

9 

6 

9 

20 

6 

20 

0 

17 

6 

6 

0 

14 

6 

10 

0 

Mr.  Reid  is  of  opinion  that  the  beds  33,  37,  and  39  are 
not  truly  referable  to  the  magnesium  limestone ;  Mr. 
Morley,  C.E.,  however,  considered  these  beds  to  belong  to 
that  formation,  and  the  lower  part  of  the  boring  to  be  in  the 
lower  permian  sandstone. 

Still  further  west,  two  borings  for  coal  were  put  down  at 
"Woodhead,  near  Great  Smeaton,  in  1789,  by  General 
Lambton,  the  one  396  feet  deep,  the  other  444  feet. 
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The  following  section  is  given  in  the  Geological 
Transactions,  Vol.  IV. : — 

WOODHEAD  BORINGS,  1789. 

1.  r  Soil  and  brown  clay. . . 

2.  \  Dark  strong  clay,  with  white  boulders 

3.  f  Red    metal   stone  with   grey 

girdlcjs 

Red  stone  with  white  girdles 

Grey  and  white  stone       

Gypsum,  with  flinty  lumps  ... 
Blue  whin,  with  sulphur  water 
Strong  white  post,  whin  gir- 
dles   

I  Bastard  whin... 

10.  231    3  J  Strong  white  post,  with  whin 

girdles 

11.  Blue  grey  metal  stone   with 

white  scars       

12.  Gypsum 

13.  Soft  red  stone        

14.  Red  and  white  post  

15.  White  post  with  red  scars 

16.  Red,  white,    and   grey   post, 

red  partings     

17.  L  Soft  blue-grey  metal . . . 

18.  /  Grey  and  white  post. . . 

19.  1  Strong  blue-grey  stone. . . 

20.  1  Strong  white  and  grey  stone. . 

21.  189   4 <  Whin... 
22. 
23. 


Society's 


Mixture,  whin   

Strong  white  calcareous  post 
and  white  girdles 


ft.  in. 

ft. 

in. 

24  9 

4 

0 

20 

9 

48 

0 

31 

3 

4 

0 

• 

7 

0 

116  6 

1 

6 

6 

6 

12 

0 

36 

6 

8 

0 

2 

6 

6 

0 

19 

0 

18 

0 

27 

0 

4 

0 

33 

0 

5 

0 

60 
3 

0 
0 

9 

0 

99 

4 

445 

4 
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The  190  feet  of  wliite  sandstone  in  the  boring  has  been 
referred  by  some  to  the  millstone  grit,  but  probably 
belongs  to  the  waterstone,  as  suggested  by  Mr.  Peacock. 
He  stated  the  sulphur  spring  met  with  in  the  boring,  used  at 
Middleton  Spa,  was  also  found  in  a  search  for  gypsum,  in  a 
boring  at  Ormesburg  (Mr.  Pennyman's  lodge  gates,)  near 
Middlesborough,  in  1851,  a  depth  of  40  feet,  the  section 
being : — 

Clay  and  sand 

Red  clay 

Blue  metal  

Ironstone  girdle 


ft. 

7 

14 
3 
0 


m. 

0 


Blue  metal,  with  sulphur  water  at  16  ft.  16 


0 
0 
4 
8 


41     0 


Two  miles  north-west  of  the  Woodhead 
holme,  a  boring  was  put  down  in  1809, 
Allan,  M.P.,  of  which  the  following  account 
Peacock : — 


boring  at  Erj^- 
by  Mr.  George 
is  given  by  Mr. 


.  •  •  • 


•  .  •  • 


Sand        .... 

Clay  and  cobble  stones I    Drift, 

Quick  sand.  .         ....  *  . . .  j     34  ft. 

Cobbles  and  sand  / 

Red  sand  post  (water)      

Grey  sand  post     

Ditto,  rather  hard  clay  following       

Red  soft  sand  post   ....         

Strong  red  post    .  .  

Soft  red  post,  not  so  red  

Hard  dark-red  post 

Clay  and  post        

Red  post        

Flooring \  Grey 

Hard  grey  post  j  beds. 


.... 


ft.    in. 


34    0 


ft. 

in. 

12 

0 

16 

0 

2 

0 

4 

0 

60 

0 

3 

0 

121 

0 

3 

0 

300 

0 

12 

0 

90 

0 

3 

0 

24 

0 

1 

0 

12 

0 

666 

0 

Ill 


Coatham  Boring,  1867,   (commimioated  by  Mr.  Peacock, 

M.E.) :— 


^*  V^XCijr  •••  «*«  •••  •••  • 

2.  Blue  shale,  with  dagger  band 

3.  Nodular  band      

4.  Blue  shale        

5.  Nodular  band       


90 

g  i    6.  Blue  shale 

o 
1^ 


Depth, 
ft.    in. 

6    0 


7.  Nodular  band       

8.  Blue  shale        

9.  Bastard  post  grey        ...     . 

10.  Blue  shale,  with  hard  band 

11.  Dark  shale,  with  sulphuretted  band  165     0 

12.  White  and  grey  post,  with  water 

I    C/r    v/v'C    /  •••  •••  •••  •••  ••• 

^  \  13.  Red  and  white  mottled  post,  and 


...  .  .  . 


blue  and  white 
14.  Dark  blue  metal,  with  whin  girdles 

^  15.  White  shale 

C 16.  Red    marl,    mixed    with 

gypsum      

17.  Whin  band 

18>  Bed  marl        


223    0 


%^  19.  Whin  band 

20.  Bed  marl,  strong   . 


yil8  6 


21.  Gypsum 
,22.  Red  marl 


341    6 


IThickn 
ft.    in. 

6  0 
39  0 
1 
1 
2 
6 
1 


7 
1 


6 
8 
0 
4 
6 


21  0 

5  0 

33  0 

12  0 

9  0 

12  0 

19  0 

18  0 

74  0 

0  2 

23  0 

0  3 


0 
4 


0    9 


Works  for  the  manufacture  of  salt  formerly  existed  at 
Tod  Point,  but  Mr.  Peacock  states  whether  sea  water  or  the 
brine  spring  from  the  sea  was  used,  is  doubtful  About 
1856,  a  6  feet  shaft  was  sunk  on  the  marsh  near  Coatham, 
by  the  late  Mr.  Slate,  of  Redcar,  in  a  fruitless  search  for 
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coal,  a  strong  brine  was  met  with,  to  find  which  the  above 
boring  was  put  down  to  find,  but  the  brine  spring  met  with 
did  not  realize  expectation. 

This  boring  is  valuable  as  showing  the  actual  junction  of 
the  lias  and  marls  with  gj'psimi,  which  latter,  as  pointed  out  by 
Mr.  Peacock,  are  28  yards  thick  in  the  Middlesboro'  boring. 
The  limestones,  thick  salt  beds,  and  gypsum  in  that  boring, 
are  probably  referable  to  the  Permian,  the  intervening  beds 
of  red  sandstone,  673  feet,  are  probably  referable  to  the 
"Water  Stones  and  Lower  Mottled  Bunter,  the  Upper 
Mottled  and  Pebble  Beds  having  thinned  out. 

In  conclusion,  it  would  appear  that  a  gradual  overlap 
eastwards,  takes  place  in  all  the  triassie  strata,  along  a  north- 
east and  south-west  line,  the  more  marked  transgression 
being  that  at  the  base  of  the  Keuper  Waterstones,  and  at 
the  base  of  the  Pebble  Beds  of  the  Bunter.  Lines  of 
extensive  erosion  occuring  at  the  base  of  the  Keuper  building 
stones  and  conglomerates,  and  on  the  base  of  the  Pebble 
Beds  of  the  Bunter.  The  great  thickness  of  these  triassie 
deposits  in  the  north-west,  is  proved  by  these  borings,  and 
and  their  thinning  out  to  the  soutli-cast,  is  established,  and 
has  an  important  bearing  on  the  depth  to  concealed  coalfields 
as  well  as  on  the  water  bearing  capacity  of  the  Triassie 
Sandstones. 
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An  Ordinaby  Meeting  of  the  Members  of  the  Society 
was  held  on  Tuesday,  the  25th  March,  in  the  Literary 
and  Philosophical  Society^s  Booms,  George  Street,  Man- 
chester; 

E.  W.  BiNNEY,  Esq.,  F.II.S.,  Vice-President, 

in  the  Chair. 


SAFETY  LAMPS. 


By  Messrs.  VSTilliam  Smethurst,  F.G.S.,  and  James 
AsmvoRTH,   Mining  Engineers. 


The  most  important  question  a  mining  engineer  of  the 
present  day  has  to  decide,  on  the  opening  up  or  continuing 
the  safe  working  of  coal  mines,  is  which  safety  lamp  he 
ought  to  choose,  out  of  the  large  number  now  invented,  to 
ensure  the  greatest  security  for  himself,  his  workmen,  and 
the  mines  under  his  care,  amidst  the  ever  varying  condi- 
tions met  with  in  their  working. 

Hitherto  this  decision  has  been  left  entirely  in  the  hands 
of  the  mining  engineer,  and  the  consequence  is  that  he  has 
generally  chosen  the  safety  lamp  which  his  training  has  led 
him  to  consider  the  best. 
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It  is  singular  that  our  Government  should  have  allowed 
so  much  latitude  in  the  lighting  of  mines  giving  off  fire- 
damp, when  we  consider  the  stringent  regulations  enforced 
by  Acts  of  Parliament  to  protect  persons  working  in  such 
mines,  and  there  can  be  little  doubt  that  if  this  question 
had  only  received  greater  attention,  we  should  not  have  had 
80  many  lives  lost  by  explosions  during  the  last  few  years. 

Therefore,  with  the  certain  knowledge  that  the  members  of 
this  Society  will  bring  forward  all  the  information  they  can 
to  second  the  few  observations  we  have  to  offer,  we  now 
introduce  this  subject. 

Papers  on  Safety  Lamps  have  been  read  before  kindred 
societies,  experiments  have  been  made  both  by  committees 
of  mining  institutes  and  privately  by  mining  engineers,  and 
in  one  instance  by  a  Boyal  Conunission  specially  appointed 
for  the  purpose  by  the  Belgian  Government,  and  yet  in  no 
instance  except  the  latter  have  the  experiments  ao  mada 
resulted  in  any  practical  good. 

Only  those  lamps  approved  of  by  the  Commission  referred 
to,  and  made  according  to  the  proportions  specified  in  the 
decree,  are  allowed  to  be  used  in  Belgium  in  mines  giving 
off  firedamp. 

And  we  may  here  express  our  hope  that  the  Royal  Com- 
mission just  appointed  by  our  own  Government  may,  after 
full  investigation,  report  in  favour  of  a  similar  law,  as  the 
importance  of  having  some  additional  compulsory  regula- 
tions regarding  the  lighting  of  mines  has  been  forced  on  the 
attention  of  everybody,  and  ought  not  to  be  delayed  longer 
than  is  compatible  with  a  very  careful  enquiry. 

A  few  months  ago  the  Council  of  the  North  of  England 
Institute  of  Mining  and  Mechanical  Engineers  considered 
that  this  question  required  the  immediate  attention  of  our 
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Gbyemment,  and  with  the  view  of  obtaining  the  opinions  of 
all  the  Mining  Societies  and  Associations  in  this  country, 
they  sent  out  invitations  asking  for  representatives  to  meet 
them  on  the  15th  of  February  last.  Some  accepted,  some 
did  not ;  but  it  mattered  little,  as  the  Government  took  the 
country  by  surprise  by  appointing  a  Royal  Commission  early 
in  February  to  fully  investigate  the  whole  of  the  points 
bearing  on  mining  disasters,  thus  granting  the  request 
before  it  was  actually  made,  and  consequently  causing  the 
abandonment  of  the  proposed  movement. 

Without  entering  into  the  history  or  cause  of  our  making 
experiments  on  safety  lamps,  suffice  it  to  say  that  they  were 
commenced  prior  to  the  Haydock  explosion  last  year,  and 
received  additional  impetus  from  the  fact  that  the  only 
reason  which  could  be  assigned  for  the  first  lighting  of  the 
firedamp  in  that  case  was  the  passage  of  the  flame  through 
a  Davy  lamp  gauze  in  a  very  ordinary  velocity  of  the  venti- 
lating current.  We  do  not  doubt  that  such  was  the  case, 
assisted  by  the  fine  coal  dust  with  which  the  ventilating 
current  would  be  charged  during  working  hours. 

At  Brynn,  where  we  have  made  experiments  on  safety 
lamps,  and  which  are  being  continued  by  Mr.  Smethurst, 
there  is  a  most  important  item  to  assist  in  the  successful  and 
practical  pursuit  of  such  an  investigation,  viz.,  a  good  supply 
of  pure  firedamp  from  that  most  dangerous  of  Lancashire 
coal  mines,  the  Wigan  six  or  nine  feet. 

After  proceeding  with  our  experiments  for  some  time,  we 
had  to  admit  that  many  of  the  researches  we  should  wish  to 
pursue,  to  render  our  tabulated  tests  anything  like  complete, 
woidd  occupy  more  time  than  we  cotdd  devote  to  them,  and 
we  consider  the  experiments  made  thus  far  are  only 
preliminary  ones.  Had  we  not  promised  to  bring  the 
subject  forward  at  this  meeting,  we  should  certainly  have 
delayed  doing  so. 
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We  found,  in  conducting  our  experiments,  that  we  must 
study  the  results  obtained  by  other  experimenters  as  far  as 
possible,  and  in  doing  so,  we  searched  some  of  the  standard 
mining  works,  and  were  surprised  to  see  how  meagre  is  the 
information  given  on  safety  lamps. 

Our  surprise  on  this  point  was  intensified  when  we  foimd 
so  long  ago  as  the  year  1833,  a  Dr.  Priara  questioning  the 
safety  of  the  Davy  lamp,  and  it  is  also  a  curious  fact  that 
more  persons  having  no  experience  of  its  use  have  questioned 
its  safety,  than  those  who  have,  and  it  would  be  hard  to 
explain  how  it  is  that  we  have  gone  on  working  with  this 
lamp  for  so  many  years  in  fancied  security  in  spite  of  most 
definite  warnings  of  its  insecurity  in  a  low  velocity  of  the 
ventilating  current. 

Yet  so  much  confidence  has  been  placed  in  the  Davy 
lamp,  that  in  explorations,  after  explosions,  it  has  been  the 
lamp  asked  for  and  preferred  before  all  others. 

In  the  first  volume  of  the  Transactions  of  the  North  of 
England  Institute  of  Mining  and  Mechanical  Engineers 
there  is  a  paper  on  Safety  Lamps,  by  the  President,  in 
which  he  gives  details  of  some  experiments  made  by  him  in 
May,  and  also  by  Mr.  T.  J.  Taylor,  in  June,  1853,  with 
Davy  lamps  placed  on  a  revolving  arm  in  an  explosive 
atmosphere  of  firedamp  and  air,  resulting  in  the  passage  of 
the  flame  through  the  gauze  in  a  velocity  of  13  feet  per 
second.  Probably  the  reports  of  the  Committees  of  1835, 
1849,  1852,  and  the  South  Shields  Committee,  caused  Mr. 
Wood  to  make  the  above  experiments  in  1853,  for  they  all 
come  to  the  conclusion  "  that  the  Davy  lamp  was  absolutely 
"  unsafe,  and  that  no  doubt  can  remain  that  it  has  been  the 
"cause  of  some  of  the  hitherto  unaccountable  accidents 
**  which  have  occurred  ;  also,  that,  where  a  proper  degree  of 
"  ventilation  does  not  exist  in  a  mine,  the  Davy  lamp,  or 
"  any  modification  of  it,  must  be  considered  rather  as  a  lure 
**  to  danger  than  as  a  perfect  security." 
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Even  at  this  date,  the  danger  of  coal  dust  in  the 
ventilating  current  was  recognised  by  Mr.  Darlington,  who 
said  "  that  there  are  very  numerous  instances  of  accidents 
"  which  could  only  be  attributed  to  dust  flying  off  a  hot 
"lamp  in  sparks,  and  thus  creating  an  explosion." 

The  attention  thus  called  to  the  safe  lighting  of  mines 
caused  the  North  of  England  Institute  of  Mining  and 
Mechanical  Engineers  to  appoint  a  committee  to  thoroughly 
investigate  the  question,  and  five  years  were  spent  in 
experimenting  before  they  presented  their  second  and  final 
report  in  December,  1867,  which  contains  the  following 
evidently  reluctant  admission  :  "  They  were  obliged  to  make 
"  known  the  insecurity,  imder  certain  conditions,  not  pre- 
"  viously  fully  appreciated  and  realized,  of  the  safety  lamps 
"  so  long  looked  upon  as  the  safeguard  of  the  miner." 

This  committee  did  not  conclude  their  labours  before  they 
had  tested  a  safety  lamp  of  the  Clanny  type,  with  an 
improvement  suggested  by  Mr.  Lindsay  Wood,  and  so 
highly  did  they  esteem  it,  that  it  was  proposed  to  call  it  the 
"  Institute  Lamp." 

The  improvement  was  very  simple,  and  consisted  in 
placing  a  gauze  of  small  diameter,  and  rather  shorter  than 
the  height  of  the  glass,  immediately  over  and  surrounding 
the  flame,  but  it  does  not  appear  to  have  come  into  general 
use,  probably  from  the  fact  that  it  would  give  a  very 
deficient  light,  and  the  small  gauze  would  soon  be  sooted  up. 

These  experiments  were  followed,  in  the  year  1876,  by 
the  report  of  the  Belgian  Commission  before  referred  to, 
which  made  a  very  extended  and  careful  series  of  experi- 
ments without  going  over  the  same  ground  as  the  North  of 
England  Institute — in  fact,  beginning,  where  the  latter  left 
off. 

Again  the  result  had  a  practical  ending,  as  the  Belgian 
Government  adopted  the  suggestions  of  their  Commission, 


118 

and  made  the  use  of  the  Mueseler  lamp,  of  certain  specified 
dimensions,  compulsory  tliroughout  all  mines  giving  off 
firedamp. 

We  are  enabled  to  place  before  you  a  translation  of  the 
whole  of  the  experiments ;  firstly,  through  the  kindness  of 
the  Chief  of  the  Belgian  Mining  Department;  and,  secondly, 
through  the  practical  assistance  of  Mr.  C.  G.  Jackson,  of 
the  Wigan  Coal  and  Iron  Company,  who  has  taken  a  great 
interest  in  our  tests. 

Before  stating  the  results  of  our  own  experiments  we  will 
shortly  give  a  history  of  the  safety  lamp. 

The  first  attempt  to  light  a  mine  giving  off  firedamp  by 
anything  excepting  a  candle,  or  other  open  light,  was  by 
phosphorescent  fish  skins ;  secondly  by  the  steel  mill,  which 
was  only  safe  up  to  a  certain  point ;  and  thirdly  by  Dr.  E. 
M.  Clanny's  first  safety  lamp  invented  in  1813. 

This  lamp  deserves  particular  notice,  as  it  was  the  first 
lamp  ever  taken  into  an  explosive  atmosphere,  viz.,  on 
November  20th,  1815,  without  accident ;  its  safety  consisting 
in  the  fact  that  the  air  necessary  for  the  combustion  of  the 
flame  was  blown  into  the  lamp  through  a  stratimi  of  water  in 
the  bottom  of  the  lamp  by  a  pair  of  small  bellows,  whilst 
the  heated  gases  passed  out  through  a  recurved  tube  at  the 
top. 

Dr.  Clanny  then  made  another  lamp,  in  which  he  intro- 
duced the  steam  of  water  generated  in  a  small  vessel  at  the 
top  of  the  lamp,  and  heated  by  the  flame.  Both  these  lamps 
were  too  clumsy  for  the  ordinary  work  of  a  coal  miae,  and 
required  the  constant  attendance  of  a  boy  to  work  the  bellows. 

It  was  not  until  three  years  later  that  the  lamps  which 
are  still  in  general  use  were  designed  by  Sir  H.  Davy  and 
Mr.  Stephenson. 

During  the  interval,  Mr.  Tennant  had  noticed  in  his 
"  Researches  on  Flame  "  that  burning  gases  would  not  pass 


it 
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through  tubes  of  a  certain  diameter ;  and  this  principle  Sir 
H.  Davy  further  applied  by  discovering  that  flame  would  not 
pass  through  a  great  many  appertures,  when  their  depth 
was  equal  to  their  diameter. 

Sir  H.  Dayy  communicated  his  discovery  to  the  Philoso- 
phical Society  in  1816,  in  a  paper  entitled  "  An  accoimt  of 

an  invention  for  giving  light  in  explosive  mixtures  of 

firedamp  in  coal  mines  by  consuming  the  firedamp/'  and 
in  January,  1817,  a  further  paper  on  "  Some  new  experi- 
"ments  and  observations  on  the  combustion  of  gaseous 
'^  mixtures,  with  an  account  of  a  method  of  preserving  a 
''  continued  light  in  mixtures  of  inflammable  gases  and  air 
"without  flame." 

Mr.  Stephenson  in  his  invention  applied  the  principle  that 
burning  gases  would  not  pass  through  tubes  of  a  certain 
diameter,  as  his  original  lamp  consisted  of  a  glass  cylinder 
with  a  perforated  metal  cap,  to  allow  the  heated  air  to 
escape,  and  a  series  of  perforations  in  the  bottom  to  admit 
the  air  necessary  for  the  combustion  of  the  flame,  and  the 
whole  being  surrounded  by  a  sheet  iron  covering,  containing 
large  round  holes  to  allow  the  Ught  to  pass  outwards. 

In  the  Stephenson  lamp  of  the  present  day,  this  sheet 
iron  covering  is  replaced  by  gauze,  which  constitutes 
practically  the  only  difference  between  the  form  of  the  lamp 
as  originally  constructed,  and  the  one  now  in  every-day  use. 

Dr.  Clanny,  not  disheartened  by  the  practical  failure  of 
his  first  two  lamps,  invented  and  constructed  another  in  the 
present  well  known  form. 

If  we  were  to  describe  the  whole  of  the  safety  lamps  which 
have  been  invented  since  the  three  already  described  were 
brought  out,  we  should  find  that  the  general  principles  of 
all  of  them  originate  from  the  Bavy,  Stephenson^  and 
Clanny  types,  with  the  addition  of  metallic  tubes  in  some 
instances. 
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The  number  of  lamps  invented  between  1852  and  1875 
averages  about  six  per  annum ;  and  great  efforts  have 
evidently  been  made  to  invent  lamps  with  locks  that 
cannot  be  tampered  with,  or  if  tampered  with,  will  cause 
the  extinction  of  the  flame,  and,  also,  to  ensure  the  total 
extinction  of  the  flame  when  firedamp  explodes  in  the  lamp. 

Of  locked  safety  lamps,  the  best  known  types  are  those 
with  the  screw  lock,  the  padlock,  Craig  and  Bidders'  mag- 
netic lock,  the  lead  rivet,  and  Teale's  protector  lock. 

Of  the  type  of  lamps  which  are  self-extinguishing  when 
the  firedamp  explodes  in  the  lamp,  the  best  known  are  the 
Stephenson  and  the  Muesoler. 

Of  improvements  to  produce  a  better  and  more  brilliant 
light,  we  may  name  the  Mueseler,  the  Williamson,  and  all 
classes  of  lamps  using  colzaline  oil ;  and  we  wish  to  observe 
in  passing  that  firedamp  can  be  more  easily  detected  by 
lamps  using  this  oil  than  by  lamps  using  ordinary  lamp  oils, 
this  effect  being  due  to  the  clearness  of  the  flame. 

Of  safety  lamps  of  improved  construction,  the  numbers  are 
too  numerous  to  make  it  worth  while  giving  a  list,  but  the 
following  are  in  actual  use  :  the  Mueseler,  the  Bainbridge, 
the  Williamson,  and  the  Pelton.  Most  of  the  lamps  un- 
named, although  safe,  are  either  too  complex  in  their  con- 
struction, too  heavy  (for  instance  the  electrical  lamp)  or 
have  some  great  fault  which  their  non-practical  inventors 
could  not  realize. 

Of  safety  lamps  for  use  by  firemen  in  making  their  daily 
inspections,  no  lamp  has  in  this  country  yet  replaced  the 
Davy  or  the  Stephenson  (with  a  shorter  glass  cylinder  than 
ordinary  workman's  lamp),  although  a  smaller  percentage 
of  gas  can  be  more  readily  detected  by  the  Muessler  than  by 
any  of  the  above-named  lamps. 

The  continued  use  of  the  Davy  and  Stephenson  lamps  by 
firemen  probably  arises  from  the  fact  that  they  are  more 
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adapted  to  the  ordinary  method  of  shot  lighting  than  any 
other  form  of  safety  lamp. 

A  difficulty  is  here  met  with  in  the  shot  lighter,  who  must 
use  a  lamp  so  constructed  that  he  can  heat  his  wire  in  the 
flame,  and  still  have  as  safe  a  lamp  as  any  in  the 
mine;  his  lamp  being  often  put  to  more  severe  tests 
than  any  other,  and  if  a  blown  out  shot  takes  place  it 
would  be  the  first  to  receive  the  concussion,  the  increased 
velocity,  dust,  and  heated  atmosphere.  So  far  as  our 
experiments  have  gone,  the  best  and  safest  lamp  to  be  used 
by  a  shot  lighter  is  one  of  the  improved  "Jack"  Davy 
lamps,  referred  to  in  this  paper. 

When  commencing  our  experiments,  we  decided  to 
construct  with  wooden  boards  a  model  of  a  coal  working, 
consisting  of  two  levels,  and  a  cut  through  of  12 in.  by  Gin. 
section,  and  three  drifts  out  of  the  top  level  12  in.  by  12  in., 
with  a  brattice  up  tha  centre,  with  glasses  placed  in  the 
sides  in  various  places,  to  enable  us  to  observe  the  effect  pro- 
duced when  an  explosion  occurred. 

We  placed  a  sound  Davy  lamp  at  the  top  end  of  the  drift 
(No.  3)  nearest  the  upcast,  filled  No.  2  drift  with  gas,  and 
then  charged  the  ventilating  current,  which  had  a  velocity 
of  9  ft.  per  second,  with  a  certain  amount  of  gas,  and  as  soon 
as  the  gas  showed  in  the  lamp  the  brattice  in  No.  2  was 
altered  to  allow  the  gas  stored  up  to  be  carried  by  the  current 
on  to  the  lamp,  resulting  quickly  in  a  heavy  explosion  which 
did  practically  no  damage  in  the  drift  where  the  lamp  was, 
nor  in  No.  2  except  to  split  the  boards  on  the  top  and 
bottom,  but  No.  1  and  the  cut  through  were  completely 
destroyed,  although  the  wood  was  oak  boardings  of  l^in. 
thick.  This  experiment  was  repeated  with  exactly  the  same 
result,  thus  showing  in  an  experimental  way  that  the  greatest 
damage  is  not  necessarily  caused  at  the  seat  of  the  explosion. 

After  this  experience  we  used  only  the  straight  level  with 
escape  doors,  to  give  the  force  of  the  explosion  free  exit. 
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The  velooity  of  the  air  current  was  regulated  and  main- 
tained by  a  steam  jet,  and  in  our  later  experiments  regis- 
tered by  a  Dickinson's  aneomometer  up  to  lift,  per  seccmd, 
and  by  a  Biram  above  lift. 

In  all  our  latest  experiments,  the  Dickinson  was  constantly 
in  the  tube,  and  the  velocities  were  accurately  taken  at  the 
exact  time  the  explosion  occurred,  and  all  variation  in  the 
velocities  during  the  tests  were  also  accurately  registered. 

The  records  of  our  earlier  experiments  are  not  so  complete 
as  we  could  have  desired,  in  consequence  of  the  breakage  of 
the  Dickinson  anemometer. 

The  lamps  we  have  experimented  on  so  far  are : — 

Davy  type. — Ordinary  Davy,  large  and  small  Scotch  lamps, 
improved  Davy  by  Mr.  Smethurst,  Do.  do.  by  Mr.  Ashworth 
and  Mr.  Woolrych,  Davy  of  small  diameter  of  gauze  by 
Mr.  TJ.  E,  Dickinson,  and  "  Jack  "  lamps. 

Clanny  type, — Large  and  small  Clanny's,  Mueseler's  lamps 
by  various  makers,  Williamson,  Pelton,  Bainbridge,  Eloin, 
Gray,  Glover,  and  CaiL 

Stephemon  type. — Ordinary  Stephenson  and  Williamson. 
With  the  following  results : — 

An  ordinary  Davy,  with  the  shield  down,  in  a  velocity  of 
pure  air  of  20  ft.  per  second,  without  gas,  and  the  flame 
facing  the  current,  went  out  in  45  seconds. 

Do.,  with  shield  towards  the  current,  went  out  in  4  seconds 
to  15  seconds. 

Tests  with  velocity  of  20ft.  over  3  minutes  of  time : 

Davy,  with  shield  up,  went  out  at  once. 

Clanny  lamp,  in  the  same  velocity,  went  out  in  3  minutes; 
light  very  flickering ;  not  a  working  light. 

Williamson,  in  the  same  velocity :  light  very  flickering  ; 
not  a  working  light ;  not  out. 

Ashworth  and  Woolrych 's  Davy :  flickering  light,  but 
steadier  than  the  others ;  not  out. 
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Steplicaifion :  light  very  flickering. 
Small  Muesdier :  good  working  lighti  and  steadier  than  the 
others. 

Ashworth's  large  Mueseler :  very  steady  Ught. 

Tests  ivith  velocity  ofSSft.  per  second  over  space  of  S  minutes. 

Clanny :  very  little  light ;  out  in  1  minute  7  seconds. 

Stephenson,  with  large  flame :  not  a  working  light  at  all ; 
not  out. 

Ashworth  and  Woolrych's  Davy — Teale's  oil :  flame  very 
flickering ;  not  out. 

Small  Mueseler:  light  much  reduced ;  not  a  working  light; 
not  out. 

AshwortVs  laige  Mueseler :  steady  working  light. 

Some  details  of  &e  ezpetimeintB  axe  aet  forth  on  the  next 
page. 
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Do.        After  tho  wick  flamo  was  eitin- 
guiahed,  the  gas  continued  biOTiing  at  the 
top  of  tho  inside  glass  cylinder  for  33 
seconds,  and  in  increasing  tho  velocity  to 
4B0,  tho  flume  passed  and  exploded  the  gas, 
glnaa  cj'linder  slightly  cracked  at  tho  top 
but  not  enough  to  impair  its  safety. 

In  the  case  of  some  other  experiment^  tho 
gas  did  not  continue  to  bom  and  thereforo 
uio  flame  did  not  pass. 

The  gas  continued  to  bum  in  the  top  of  tho 
gauze  after  tho  wick  flamo  was   eitin- 
guishcd  and  the  flume  passed  and  exploded 
the  gas. 

Do.               do. 

Went  out.    A  heavy  Ump  and  an  insufficient 
outlet  for  tho  products  of  combustion. 

Wont  out  at  once.    A  very  sonsitiTO  lamp, 
in  fact  too  much  so  for  use  in  actual  work. 

Exploded. 
Do.        Drfeotivo  disc  gauss  not  IJmed. 
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From  the  list  of  experiments  on  Davy  lamps,  it  will  be 
seen  that  the  smaller  the  diameter  of  the  gauze  the  greater 
is  the  resistance  to  the  flame  passing,  arising  from  the  fact 
that  the  volmne  of  gas  burning  inside  the  small  gauze  is 
not  su£Bl(uent  to  heat  it  so  quickly  as  the  large  yolmna 
oontained  in  such  lamps  as  the  Scotch  gauze  lamp. 

It  will  be  plain  from  the  experiments  that  a  Scotch  lamp 
ought  not  to  be  classed  as  a  safety  lamp  at  all,  and  where 
used  as  such,  immediate  steps  should  be  taken  tc  replace  it 
with  a  proper  safety  lamp. 

From  the  list  of  experiments  we  deduce  the  following 
facts: — 

1.  That  the  greater  the  diameter  of  the  gauze  the 
quicker  will  the  flame  pass. 

2.  That,  in  an  explosive  atmosphere,  with  the  low 
velocity  of  seven  feet  per  second,  and  without  coal  dust, 
the  Davy  lamp,  as  ordinarily  constructed,  is  unsafe. 

3.  That,  whatever  may  be  the  height  of  the  tin  shield,  it 
is  no  protection  or  safeguard  against  the  flame  passing ;  in 
fact  it  adds  to  the  danger. 

4.  That,  if  a  cylindrical  glass  shield  is  used,  as  in  the 
''Jack"  lamp,  and  the  smoke  gauze  made  so  long  that  the  glass 
shield  overlaps  it  by  over  a  quarter  of  an  inch,  the  safety  of 
the  lamp  is  immensely  increased,  and  the  flame  will  not  pass 
until  either  the  glass  is  broken  up  by  the  heat,  or  the 
double  thickness  of  gauze  becomes  heated  sufficiently  for 
the  flame  to  pass. 

5.  That  a  Davy  lamp  constructed  after  the  design  of  Mr. 
Smethurst's  Jack  lamp,  or  Messrs.  Ashworth  and  Woolrych's 
Jack-Davy  lamp,  is  still  safer. 

6.  That,  in  many  cases,  a  Clanny  lamp  cannot  be  con- 
sidered any  safer  than  a  Davy  lamp,  and  this  remark  will 
also  apply  to  the  Bainbridge  lamp. 

7.  That  a  ventilating  current,  containing  a  very  small 
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per  centage  of  gas,  just  enough  to  elongate  the  flame,  and 
followed  by  a  highly  explosive  body  of  gas,  is  the  most 
severe  test  that  a  lamp  can  be  put  to,  and  very  few  can 
stand  it.  This  fact  is  also  noticed  by  the  Belgian  Com- 
mission. 

We  regret  that  we  have  not  had  time  to  make  a  proper 
series  of  tests  with  coal  dust,  combined  with  firedamp  and 
air ;  but  we  may  state,  as  showing  the  importance  of  this 
part  of  the  enquiry,  that  Mr.  Galloway,  in  his  most  recent 
experiments,  has  proved  that  a  mixture  of  some  coal  dusts 
(not  all)  and  air,  at  the  ordinary  pressure  and  temperature, 
becomes  inflammable  when  0*892  per  cent,  of  firedamp  is 
added,  and  it  then  bums  with  a  red  smoky  flame. 

To  test  the  eflSdct  of  concussion  we  made  a  few  tests,  none 
of  which  were  successful;  but  having  seen  successful  experi- 
ments of  this  class,  we  are  satisfied  that  if  an  ordinary 
Davy  lamp  is  standing  in  an  explosive  atmosphere,  or  if  an 
explosive  atmosphere  suddenly  surrounds  the  lamp  at  the 
moment  of  concussion,  the  flame  will  pass  the  gauze  with- 
out its  becoming  red  hot. 

As  probably  some  expression  of  opinion  will  be  expected 
from  us,  with  respect  to  the  lamps  we  have  tested,  we  state 
most  emphatically  that  the  Davy  lamp,  as  ordinarily  con- 
structed and  in  daily  use,  is  not  safe  in  coal  mines  giving 
out  firedamp ;  more  especially  as  their  working  necessitates 
increased  ventilation,  and  therefore,  at  least  in  some  parts, 
increased  velocities. 

A  lamp,  to  be  a  good  and  safe  lamp,  must  give  the 
niftxiTmmn  quantity  of  light,  and  thus  remove  one  great 
temptation  to  the  opening  of  the  lamps  clandestinely,  and 
further  the  light  must  be  a  steady  one  in  a  current  of  the 
the  highest  velocity. 

The  lock  should  be  simple  and  eflective,  and  the  opening 
of  the  lamp  should  extinguish  the  light. 
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From  the  list  of  experiments  on  Davy  lamps,  it  will  be 
Been  that  the  smaller  the  diameter  of  the  gauze  the  greater 
is  the  resistance  to  the  flame  passing,  arising  from  the  fact 
that  the  volimie  of  gas  burning  inside  the  small  gauze  is 
not  sufficient  to  heat  it  so  quickly  as  the  large  volume 
contained  in  such  lamps  as  the  Scotch  gauze  lamp. 

It  will  be  plain  from  the  experiments  that  a  Scotch  lamp 
ought  not  to  be  classed  as  a  safety  lamp  at  all,  and  where 
used  as  such,  immediate  steps  should  be  taken  to  replace  it 
with  a  proper  safety  lamp. 

From  the  list  of  experiments  we  deduce  the  following 
facts : — 

1.  That  the  greater  the  diameter  of  the  gauze  the 
quicker  will  the  flame  pass. 

2.  That,  in  an  explosive  atmosphere,  with  the  low 
velocity  of  seven  feet  per  second,  and  without  coal  dust, 
the  Davy  lamp,  as  ordinarily  constructed,  is  unsafe. 

3.  That,  whatever  may  be  the  height  of  the  tin  shield,  it 
is  no  protection  or  safeguard  against  the  flame  passing ;  in 
fact  it  adds  to  the  danger. 

4.  That,  if  a  cylindrical  glass  shield  is  used,  as  in  the 
"Jack"  lamp,  and  the  smoke  gauze  made  so  long  that  the  glass 
shield  overlaps  it  by  over  a  quarter  of  an  inch,  the  safety  of 
the  lamp  is  immensely  increased,  and  the  flame  will  not  pass 
imtil  either  the  glass  is  broken  up  by  the  heat,  or  the 
double  thickness  of  gauze  becomes  heated  sufficiently  for 
the  flame  to  pass. 

5.  That  a  Davy  lamp  constructed  after  the  design  of  Mr. 
Smethurst's  Jack  lamp,  or  Messrs.  Ashworth  and  "Woolrych's 
Jack-Davy  lamp,  is  still  safer. 

6.  That,  in  many  cases,  a  Clanny  lamp  cannot  be  con- 
sidered any  safer  than  a  Davy  lamp,  and  this  remark  will 
also  apply  to  the  Bainbridge  lamp. 

7.  That  a  ventilating  current,   containing  a  very  small 
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per  centage  of  gas,  just  enough  to  elongate  the  flame,  and 
followed  by  a  highly  explosive  body  of  gas,  is  the  most 
severe  test  that  a  lamp  can  be  put  to,  and  very  few  can 
stand  it.  This  fact  is  also  noticed  by  the  Belgian  Com- 
mission. 

We  regret  that  we  have  not  had  time  to  make  a  proper 
series  of  tests  with  coal  dust,  combined  with  firedamp  and 
air;  but  we  may  state,  as  showing  the  importance  of  this 
part  of  the  enquiry,  that  Mr.  Galloway,  in  his  most  recent 
experiments,  has  proved  that  a  mixture  of  some  coal  dusts 
(not  all)  and  air,  at  the  ordinary  pressure  and  temperature, 
becomes  inflammable  when  0'892  per  cent,  of  firedamp  is 
added,  and  it  then  bums  with  a  red  smoky  flame. 

To  test  the  effect  of  concussion  we  made  a  few  tests,  none 
of  which  were  successful;  but  having  seen  successful  experi- 
ments of  this  class,  we  are  satisfied  that  if  an  ordinary 
Davy  lamp  is  standing  in  an  explosive  atmosphere,  or  if  an 
explosive  atmosphere  suddenly  surrounds  the  lamp  at  the 
moment  of  concussion,  the  flame  will  pass  the  gauze  with- 
out its  becoming  red  hot. 

As  probably  some  expression  of  opinion  will  be  expected 
from  us,  with  respect  to  the  lamps  we  have  tested,  we  state 
most  emphatically  that  the  Davy  lamp,  as  ordinarily  con- 
structed and  in  daily  use,  is  not  safe  in  coal  mines  giving 
out  flredamp ;  more  especially  as  their  working  necessitates 
increased  ventilation,  and  therefore,  at  least  in  some  parts, 
increased  velocities. 

A  lamp,  to  be  a  good  and  safe  lamp,  must  give  the 
maximum  quantity  of  light,  and  thus  remove  one  great 
temptation  to  the  opening  of  the  lamps  clandestinely,  and 
further  the  light  must  be  a  steady  one  in  a  current  of  the 
the  highest  velocity. 

The  lock  should  be  simple  and  effective,  and  the  opening 
of  the  lamp  should  extinguish  the  light. 
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The  lamp  should  be  self-extinguishing  in  an  explosiye 
atmosphere. 

Every  lamp  should  be  made  according  to  such  pro- 
portions and  dimensions  as  experiment  has  proved,  or  may 
provCj  to  be  the  safest. 

The  workmen's  lamps  should  be  cleaned  at  the  col- 
liery, and  be  delivered  to  the  workman  ready  for  uae, 
without  further  examination,  excepting  so  far  as  regards  the 
locking;  and,  where  practicable,  every  lamp  should  be  tested 
as  it  comes  out  of  the  pit ;  and  a  new  lamp  before  it  goes 
down,  by  placing  it  in  an  explosive  atmosphere.  (This  test 
is  now  carried  out  at  some  collieries.) 

Of  all  the  lamps  we  have  tested,  the  one  that  gives 
the  steadiest  and  best  light,  simple  construction,  and  self- 
extinguishing,  is  the  Mueseler ;  and  it  is  also  the  best  for 
proving  the  existence  of  a  small  percentage  of  gas  in  the 
ventilating  cxirrent. 

The  Clanny  lamp  is  very'  little,  if  any,  safer  than  the 
Davy  lamp. 

The  Eloin  is  quite  safe  but  too  sensitive,  the  Gray 
and  the  Pelton  are  safe  but  very  heavy,  the  latter  being 
complex  in  its  construction,  and  giving  a  very  poor  light, 
excepting  in  a  nearly  still  atmosphere. 

It  is  important  that  the  oil  used  should  be  the  best 
that  can  be  bought,  and  should  be  free  from  admixture  with 
explosive  oils,  as  the  Belgian  Commission  found  that  this 
admixture  lessened  the  safety  of  the  lamp.  Here,  again,  is 
another  objection  to  workmen  cleaning  their  lamps  at  home, 
because  many  of  them  buy  inferior  oil,  which  is  only  made 
burnable  by  the  addition  of  large  proportions  of  paraffin  or 
petroleum  oil. 

In  conclusion,  we  may  state  that  the  experiments  are 
still  being  carried  on,  and  the  result  we  trust,  will  prove 


138 


of  a  practical  nature,   and  tend  to  lessen  the  risks  now 
incurred. 


The  Chairman  said  they  must  all  feel  obliged  to  the 
authors  of  the  paper  for  their  patient  investigation  of  this 
subject.  Many  years  ago— certainly  over  thirty — he  heard 
the  Davy  lamp  condemned,  but  the  unfortunate  term 
**  safety "  had  enabled  it  to  outlive  opposition.  He  heard 
the  late  Mr.  Livesey,  many  years  since,  mention  an  instance 

circumstances.  What  seemed  to  strike  him  in  the  paper 
just  read  was  the  thoroughly  practical  nature  of  the  experi- 
ments which  had  been  made. 

Mr.  Smethubst  said  there  was,  at  their  colliery,  ample 
opportunity  for  testing  any  lamp.  The  experiments  were 
conducted  on  the  surface :  they  had  gas  piped  off  from  the 
6  ft.  mine,  which  was  not  now  being  worked.  The  seam 
yielded  large  quantities,  and  the  arrangement  described  had 
been  made  so  that  they  could  test  any  lamp  in  a  second  or 
two  by  actual  coal  gas. 

Mr.  Dickinson  said  he  had,  on  two  occasions,  had  the 
opportunity  of  seeing  Mr.  Smethurst's  experiments,  and  was 
therefore,  perhaps,  more  conversant  with  the  subject  than 
some  of  those  who  had  not  had  the  same  opportunity. 
Before  the  discussion  was  entered  upon,  he  would  like  to 
allude  to  three  points  in  the  paper :  1st.  the  reference  to 
the  Government  not  having  taken  the  same  interest  in 
placing  in  the  hands  of  the  miner  a  safe  lamp,  as  they  had 
taken  with  regard  to  other  measures  of  safety.  He  might 
say  that  when  application  on  that  point  was  made  to  Mr. 
Cross,  the  Secretary  of  State,  by  Messrs.  Ashworth  and 
Smethurst,  he  took  a  lively  interest  in  the  matter,  and 
expressed  his  desire    to    favour    their    views    so    far    as 
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possible ;  and  it  was  only  wlien  the  matter  was  brought 
under  the  notice  of  the  Treasury  that,  seeing  the  difficulties 
which  might  arise  with  respect  to  other  inventors,  the 
GK)yemment  thought  it  had  better  be  left  in  the  hands  of 
the  public.  The  second  point  in  the  paper  was  with  regard 
to  the  name  "  Blantyre "  given  to  the  Scotch  lamp.  He 
thought  if  it  were  called  a  Scotch  lamp  it  would  be  better 
appreciated  by  the  Blantyre  people,  as  they  did  not  consider 
it  their  lamp  at  alL  The  third  point  was  with  respect  to 
the  shield.  There  were  different  kinds  of  shields  to  safety 
lamps,  and  different  kinds  were  used  in  making  the  experi- 
ments. Those  made  of  glass  encircling  the  lamp  gave 
greatly  increased  security ;  but  the  ordinary  metal  shield 
which  only  encircled  one-half  of  the  lamp,  when  facing  the 
current,  hastened  the  passage  of  flame  through  the  gauze 
considerably.  He  considered  the  latter  point  particularly 
worthy  of  the  attention  of  members  taking  part  in  the 
discussion. 

Mr.  Smethurst  said,  with  regard  to  the  first  point,  the 
remark  alluded  to  in  the  paper  did  not  apply  to  the  Govern- 
ment since  these  experiments  began,  but  previously.  He 
thought  the  Government  had  not  gone  properly  into  the 
matter  when  framing  former  Acts  of  Parliament.  In  the 
paper  only  one  Blantyre  lamp  was  mentioned,  and  it 
actually  came  from  Blantyre,  having  been  brought  by  Mr. 
Pickard.  He  thought,  also,  that  it  was  mentioned  in  the 
paper  that,  with  the  ordinary  tin  shield,  the  lamp  was  more 
imsafe  than  without.  In  the  glass  shield  they  had,  of 
course,  quite  a  different  thing. 

The  Chairman  :  It  is  rather  a  singular  fact  that  Sir 
Humphrey  Davy  recommended  the  shield  especially,  because, 
he  said,  when  there  was  a  current  it  rendered  the  lamp  much 
safer. 

Mr.  Smethurst:  We  found  that,  with  the  shield — its 
face  being  against  the  current  —  the  light  was  thrown 
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upwards,  so  that  the  flame  impinged  against  the  lamp,  just 
over  the  top  of  the  shield,  no  matter  how  high  that  was. 
The  consequence  was,  the  whole  heat  became  concentrated 
on  one  point,  whereas,  without  the  shield,  it  heated  all  the 
gauze  before  the  flame  passed. 

Mr.  Gbo.  Wild,  referring  to  the  narrow  and  wide-gauze 
Davy  lamps,  said  his  (Mr.  "Wild's)  experiments  were  made 
with  a  blower  of  gas  impinging  against  the  gauze  of  the 
lamp,  and  he  found  that  the  narrower  the  gauze  the  sooner 
the  explosion  occurred.  The  wide-gauze  Stephenson  lamp 
took  a  much  longer  time  to  explode  than  a  narrow  gauze. 

Mr.  Smbthurst  said  that  Mr.  Wild's  experiments,  with  a 
blower  of  gas,  were  quite  different  from  theirs,  where  the 
several  lamps  were  placed  in  a  small  model  of  workings,  the 
whole  atmosphere  contained  in  which  was  impregnated. 
They  tried  different  sizes  of  gauze  cylinders,  from  |  inch 
upwards,  and  always  f oimd  that  the  smaller  the  diameter  of 
the  cylinder  the  greater  the  safety.  If  any  member  of  that 
Society  would  like  to  see  a  lamp  tested,  every  possible  facility 
should  be  given  him  for  his  doing  so. 

Mr.  Wilkinson  asked  if  it  was  not  a  great  objection  to 
the  Mueseler  lamp  that  if  inclined  at  the  least  angle  it  went 
out  P     Were  the  mines  in  Belgium  flat  or  steep  mines  P 

Mr.  Smbthurst  said  the  Mueseler  certainly  did  go  out,  in 
an  inclined  position,  but,  with  the  new  regulation  chimney 
or  funnel,  it  might  be  placed  at  a  considerable  angle  before 
it  went  out.  It  gave  fair  warning  before  it  began  to  go  out. 
This  liability  to  go  out,  when  inclined,  was  not  a  bad  thing ; 
it  was,  rather,  in  its  favour,  that  it  made  the  collier  keep  his 
lamp  straight  up  and  steady. 

Mr.  Dickinson  said  that  it  was,  besides,  a  great  protection 
in  preventing  the  flame  from  impinging  on  the  glass  and 
thereby  cracking  it.  It  only  wanted  care,  with  the  Mueseler, 
to  make  it  a  lamp  they  could  always  carry  without  ever 
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losing  light.  He  used  a  Mueseler  for  four  long  days  at  the 
close  of  last  year,  and  never  lost  the  light ;  but  twice,  when 
he  gave  it  to  a  man  to  hold  while  he  (Mr.  Dickinson)  was 
taking  notes,  the  man  put  it  out.  All  that  it  needed  was 
care.  The  Belgian  mines,  it  should  be  understood,  were 
much  steeper  than  those  of  Great  Britain ;  some  of  them 
were  at  every  conceivable  angle. 

Mr.  Smethurst  :  Our  experiments,  so  far,  have  resulted 
in  favour  of  the  Mueseler. 

Mr.  Dickinson  :  There  are  thousands  of  them  in  use  in 
Belgium. 

A  Member  said  that  he  had  had  in  use  for  many  months 
a  modified  Mueseler,  and  there  had  never  been  the  least  com- 
plaint of  its  going  out.  Their  mines  were  at  an  angle  of 
one  in  six.  The  lamps  were  hung  upon  props  when  the 
colliers  were  using  them. 

Mr.  Smethurst  :  Whatever  you  hang  the  lamp  on,  it 
ought  to  be  perpendicular. 

The  Chairman  :  When  I  tried  the  Mueseler,  many  years 
ago,  the  colliers  objected  a  good  deal  to  the  glass:  they 
seemed  always  to  have  a  great  fear  of  it. 

Mr.  Smethurst  :  And  yet  in  Belgium  the  percentage  of 
glasses  broken  in  these  lamps  is  very  small  indeed.  We 
never  had  a  broken  glass  in  a  Mueseler  lamp  yet,  with  all 
our  tests. 

The  Chairman  said  that  great  improvements  had  taken 
place  in  lamps  since  he  first  knew  them.  He  remembered 
the  time  when,  in  this  district,  a  lamp  was  never  seen  in  a 
mine ;  they  always  tried  for  gas  with  a  candle,  and  some 
colliers  were  remarkably  adroit  in  cutting  ofi*  the  flame  from 
the  candle;  but  now  and  then  an  explosion  occurred.  Then, 
he  had  seen  lamps,  in  mines,  almost  red  hot.  He  had  been 
in  a  mine  where  there  were  nearly  a  dozen  lamps  in  that 
condition.     He  recollected  attending  a  lecture  by  the  late 
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Dr.  Murray  in  this  city^  who  gravely  told  his  audience  that 
a  lamp  was  safer  when  red  hot  than  otherwise.  That 
gentleman^  he  supposed,  could  never  have  been  in  a  pit  in 
his  life.  But,  in  the  nature  and  use  of  lamps,  far  greater 
care  was  bestowed  now  than  used  to  be  ;  still  it  was  highly 
desirable  that  these  warnings  about  lamps  not  being  safe 
should  be  attended  to,  and  he  hoped  Mr.  Smethurst's 
offer  to  allow  experiments  with  any  lamp  that  might  be 
brought  for  the  purpose  would  not  be  lost.  He  thought 
probably  that  there  should  be  a  committee  of  practical 
men — ^if  any  doubt  existed — who  should  go  and  see  the 
experiments,  and  experiment  themselves.  So  far  as  he 
could  hear,  those  described  were  the  most  complete  set 
of  experiments  he  had  ever  heard  of.  Nearly  all  the 
lamps  in  use,  or  that  had  been  in  use,  appear  to  have 
been  tested. 

Mr.  SiiETHURST  :  We  have  tested  almost  every  one.  We 
shall  be  very  glad  if  your  suggestion  is  acted  upon. 

On  the  proposition  of  Mr.  Liveset  it  was  decided  to 
postpone  further  discussion  until  Mr.  Smethurst  has  pre- 
sented the  second  part  of  the  paper  to  the  Society. 


NOTES  ON  A  RECENT  BORING  IN  OPENSHAW,  NEAR 
MANCHESTER,  WITH  REMARKS  ON  THE  MAN- 
CHESTER COALFIELD,  AND  THE  DISTRICT  TO 
THE  EAST  OF  IT. 

By  Mr.  James  Atherton. 


It  is  of  the  utmost  importance  to  Manchester,  the 
metropolis  of  the  cotton  manufacturing  district,  and  the 
seat  of  so  many  other  large  industries,  that  its  coal  resources 
should  at  all  times  be  both  ample,  and,  to  a  great  extent, 
nigh  at  hand. 
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The  existence  around  Manchester  of  a  plentiful  and  cheap 
supply  of  coal  has  undoubtedly  contributed,  in  no  small 
measure  in  time  past,  to  our  manufacturing  success  as  a 
nation ;  and  the  continuance  of  a  cheap  supply  will  still 
remain  one  of  the  great  factors  in  the  now  vexed  question 
of  our  retaining  the  supremacy  of  the  cotton  trade  of  the 
world. 

Manchester  is,  in  this  respect,  well  situated,  as  it  is  within 
easy  distances  of  coalfields  yielding  immense  supplies.  Its 
various  railway  systems  have  at  all  times  been  the  means  of 
pouring  in  large  quantities ;  and,  in  addition  to  these 
contributions  by  rail,  great  resources  have  always  been  at 
hand  from  the  immediate  neighbourhood,  and  within  easy 
carting  distances.  Manchester  could  hardly  have  done 
without  the  coal  brought  by  rail  ;  but  its  greatest 
indebtedness  is  undoubtedly  to  the  coalfields  of  Bradford 
and  Clayton  on  the  one  side,  and  of  Pendleton  and  Clifton 
on  the  other. 

As  regards  the  latter  district,  its  many  mines  are  well 
known,  and  its  large  resources  can  be  estimated  with 
satisfaction ;  but,  as  regards  the  former  district,  there  has 
not  hitherto  been  the  same  cheerful  reliance.  The  number 
of  the  mines  which  could  be  counted  on  was  not  very 
clearly  ascertainable,  and  unless  others  were  found  beyond 
those  known  a  few  years  ago,  the  life  of  this  field  would 
have  been  very  short. 

Known  under  the  name  of  the  ^'Manchester  Coal  Field," 
it  consisted  of  the  "Upper  Coal  Measures,"  which  are 
probably  here  better  developed  than  in  any  other  part  of  our 
country.  These  "  Upper  Measures  "  consisted  of  nine  coal 
seams,  six  of  which  have  been  more  or  less  worked. 
The  names  of  the  latter,  in  descending  order,  are  the 
"Openshaw,"  "Charlotte,"  "Three-quarters,"  "Four-feet," 
"  Yard,"  and  "Two-feet,"  all  being  of  pretty  good  quality. 
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The  area  of  the  field  is  little  more  than  three  square 
miles.  It  is  bounded  on  the  north  and  east  by  faults,  whilst 
on  the  west  it  runs  under  the  Pennians  for  a  distance,  and 
will  no  doubt  eventually  be  found  to  be  there  cut  off  by  a 
faulty  which  will  again  throw  the  measures  up. 

The  dip  is  about  one  in  three,  and  a  little  south  of  west. 
The  thickest  mine,  and  in  all  respects  the  principal  one,  is 
the  Four-feet  Mine. 

It  is  of  very  good  quality,  a  clean,  bright  coal,  and  has 
been  very  extensively  worked  ;  indeed,  it  may  be  said  to  be 
now  almost  exhausted.  The  other  mines  being  thinner, 
have  only  been  partially  worked,  and  the  additional  expense 
required  to  work  thin  mines  will  no  doubt  prevent  them 
again  being  worked  to  any  great  extent,  so  long  as  thicker 
mines  exist  in  the  neighbourhood.  There  is  in  the  area  an 
almost  entire  freedom  from  faults,  besides  which  very  little 
water  requires  to  be  pumped;  and  these  facts,  coupled  with 
the  nearness  to  the  city  and  the  quality  of  the  mines,  have 
rendered  this  coalfield,  though  small,  yet  a  very  valuable 
one. 

The  rapid  exhaustion  of  this  field  of  late  years  aroused 
much  anxiety  as  to  its  future,  if  indeed  it  had  any  future  at 
all.  The  four-feet  mine  had  been  usually  considered  to  be 
the  same  as  the  Worsley  four-feet  mine  at  Pendleton,  and, 
as  the  '^  Middle  Coal  Measures  "  had  there  been  sunk  to, 
Messrs.  Livesey,  of  the  Bradford  collieries,  determined  also 
to  sink  to  these  middle  coal  series. 

It  was  assumed  that  the  '*  Crumbourke  "  of  Pendleton 
would  be  foimd  at  about  300  yards  below  the  four-feet  mine, 
but  after  sinking  at  considerable  expense  to  that  distance 
they  met  with  disappointment.  No  doubt  Messrs.  Livesey 
had  many  anxious  thoughts  as  they  proceeded  deeper  and 
deeper,  and  still  without  success,  nor  would  they  be  at  all 
cheered  if  they  referred   to  Mr.  Hull's  Memoirs  of  the 
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Geology  of  this  District,  to  read  that  ''No  coal  seam  of 
sufficient  thickness  for  working  will  be  found  at  a  less  depth 
than  616  yards  below  the  Bradford  Four  Feet  Mine."  Their 
patience  and  endurance,  however,  were  not  put  to  that 
extreme  test,  as  they  had  the  satisfaction  of  reaching  the 
"  Parker  Mine,"  both  of  good  quality  and  of  workable  thidc- 
ness,  at  a  depth  of  some  450  yards  below  the  four-feet  mine. 

It  is  somewhat  remarkable  that,  as  between  the  **  Lower  " 
and  the  ''Middle  Coal  Measures"  there  is  a  considerable  inter- 
val of  barren  measures,  so  also  between  the  "Middle"  and  the 
''  Upper  Coal  Measures "  there  is  a  great  depth  of  strata 
barren  of  workable  mines.  But  the  similarity  ends  here, 
for  the  character  of  the  strata  forming  these  two  barren 
zones  is  very  different.  That  in  the  lower  zone  consists  of 
sandstones  and  shales  much  like  the  usual  sandstones  and 
shales  found  associated  with  the  coal  seams :  but  in  the 
higher  zone  there  occur  shales  and  sandstones  of  a  purple, 
red,  or  mingled  character,  and  very  imlike  those  usually 
found  with  the  coal  seams,  whether  of  the  lower,  middle, 
or  upper  series. 

There  can  be  no  question  that  these  purple  and  other 
coloured  shales  and  sandstones  have  often  been  mistaken, 
and  supposed  to  belong  to  other  than  the  carboniferous 
system.  They  are  not  very  well  known.  In  South  Staf- 
fordshire, where  they  occur  in  force,  they  have  often  been 
supposed  to  belong  to  the  Permian,  whilst  others  have  classed 
them  with  the  "  Old  Red,"  instead  of  in  their  proper  place 
as  true  coal  measures. 

Any  information  as  to  this  strata,  would  therefore  be  very 
welcome,  and  Messrs.  Livesey  would  confer  a  great  public 
boon  by  commxmicating  to  this  Society  a  complete  section  of 
the  measures  passed  through  by  them  in  their  sinkings. 

I  have  no  doubt  there  are  many  parts  of  our  country 
where  these  purple  beds  are  at  or  near  the  surface,  and 
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where  coal  has  not  been  expected,  which  will  yet  be  dis- 
covered  to  form  valnable  coalfields. 

Which  mine  the  "Parker  Mine  "  will  correspond  with  in 
the  Pendleton  or  the  Ashton  series,  does  not  yet  appear,  but 
it  will  probably  prove  to  be  one  of  the  mines  immediately 
overlying  the  Great  Mine  of  Ashton.  If  this  be  so,  then 
the  life  of  the  Manchester  Goal  Field  is  indefinitely  pro- 
longed, and  the  underlying  mines  will  form  a  vast  accession 
to  the  coal  resources  available  for  Manchester. 

Whilst  Messrs.  Livesey,  of  the  Bradford  Colliery,  were 
thus  endeavouring  to  prove  what  was  under  the  four  feet 
mine,  it  became  necessary  at  the  Clayton  Colliery  to  be 
looking  forward,  and  to  consider  what  should  next  be  done. 
The  mines  there  abutted  against  the  eastern  boundary  fault, 
and  beyond  this  fault  the  new  red  sandstone  was  thrown  in. 
This  fault  was  known  to  be  a  large  downthrow,  but  the 
CEsteat  to  which  the  upper  coal  measures  might  be  thrown 
down  could  not  clearly  be  ascertained. 

Mr.  Bradbury,  of  the  Clayton  Colliery,  had  proposed  at 
some  time  to  cut  through  this  fault  at  a  depth  of  some  400 
yards  from  the  surface,  in  order  to  find  out  what  lay  beyond, 
but  as  the  new  red  and  Permian  measures  are  almost  invari- 
ably very  heavily  watered,  the  cutting  was  deferred  until  the 
four  feet  mine  should  be  almost  worked  out.  Owing,  however, 
to  an  accidental  circumstance,  this  determination  was  never 
carried  out,  and  the  fault  remained  uncut. 

It  then  became  a  very  desirable  matter  to  ascertain,  either 
by  boring  or  otherwise,  to  what  depth  the  mines  were  thrown 
down  on  that  side,  and  of  greater  importance  stiU  to  know 
exactly  to  what  depth  the  Permian  water  bearing  measures 
extended,  so  that  in  case  of  cutting  through  the  fault  so  as 
to  work  any  mines  under  the  Permian,  a  sufficient  barrier 
might  be  left  overhead  so  as  to  avoid  bringing  the  Permian 
waters  down  iuto  the  xaineB» 
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At  the  beginning  of  last  year  a  boring  was  agreed  upon. 
Application  was  made  to  Messrs.  Mather  and  Piatt,  of 
Salford,  and  to  the  "  Cumberland  Bock  Boring  Company/' 
for  the  terms  on  which  they  would  conduct  a  boring  to  a 
depth  of  say  1200  feet,  and  after  consideration  those  of  the 
ktter  Company  were  agreed  to. 

They  were  for  a  specified  sum  to  a  depth  of  600  feet,  and 
so  much  per  foot  for  every  100  feet  afterwards,  and  were  to 
cover  all  costs  and  risks. 

J.  Vivian,  Esq.,  C.E.,  who  is  the  representative  of  the 
C.  B.  Boring  Company,  then  came  over,  and  the  site  of  the 
borehole  was  fixed  upon,  and  all  arrangements  made  for 
commencing  the  work  at  once. 

It  was  begun  at  the  end  of  April,  and  was  continued  by 
hand  until  the  boring  machine  was  put  up. 

The  engine  and  machine  were  got  ready  for  work  early 
in  May,  and  by  the  Ist  of  June  the  depth  bored  was  279  ft. 


By  the  Ist  July  .  .  623ft. 
„  1st  Aug. . .  840ft. 
„      1st  Sept. .  .   1022ft. 


By  the  1st  Oct.  .  .  1110ft. 
1st  Nov.  . .  1210ft. 
7th  Dec.  .  .  1300ft. 


>9 


The  hole  was  lined  with  tubes,  the  sizes  and  lengths  being 
as  follows : — 

9in.  diameter  to  a  depth  from  surface  of 
Sin. 


6fin. 
6|in. 


it 


if 


if 


fy 


tf 


ff 


if 


f> 


if 


a 


a 


a 


26  feet. 
49  feet. 
112  feet. 
669  feet. 
1019  feet. 


^m»  a  a  a  a 

and  4^in.  below. 

The  machine  for  boring  is,  no  doubt,  sufficiently  familiar 
to  most  of  the  members  of  this  Society,  but  as  some  may  not 
have  seen  it,  a  brief  description  may  be  desirable.  It  is 
somewhat  in  the  form  of  a  triangle,  the  uprights  and  base 
forming  the  two  sides,  and  the  back  the  hjrpothenuse.  The 
uprights  are  about  10ft.  in  length,  and  the  base  is  also  about 
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10ft.  long.     Within  the  triangle  are  included  what  appear 

to  me  quite  a  triumph  of  mechanical  appliances  in  small 

compass.     There  is  a  pump   for  forcing  water  down  the 

borehole,  at  a  very  considerable  pressure,  and  which  is  also 

used  for  feeding  the  boiler.     Then  there  is  a  powerful  steam 

crab  for  lifting  the  rods.     This  can  be  put  out  of  gear  so 

as  to  let  the  rods  down  quickly  when  lowering.    There  is, 

then,  the  gearing  for  causing  the  boring  rods  to  revolve, 

and  a  dead  weight  balance  to  act  as  a  counterpoise  to  the 

weight  of  rods  in  the  hole.     This  is  capable  of  adjustment 

from  day  to  day.     Besides  these,  there  is  an  arrangement 

whereby,  during  the  progress  of  the  boring,   the   whole 

weight  of  rods  may  be  lifted  by  hand  for  two  or  three  feet 

and  then  let  down  again  at  any  speed.     The  uprights  form 

a  pair  of  slides,  between  which  is  placed  a  moveable  sliding 

headpiece.     Through  the  centre  of  this  the  boring  rods  or 

tubes  pass ;  they  can  be  gripped  at  any  point,  and  the  whole 

caused  to  revolve  quickly.     The  rods  are  not  of  solid  iron, 

as  in  the  boring  tools  of  old  days,  but  are  of  strongly  made 

iron  tubes,  about  two  inches  in  diameter,  with  well-formed 

box  joints. 

There  are  no  chisels  or  augers ;  but  at  the  bottom  of  the 
rod  is  a  core  tube  about  ten  feet  long,  and  about  Jths  of  an 
inch  less  in  internal  diameter  than  the  full  size  of  the  hole. 

The  bottom  three  or  four  inches  of  this  is  called  the 
"  crown."  In  the  face  of  the  rim,  and  looking  downwards, 
are  fixed  four  or  five  diamonds,  very  slightly  projecting 
from  the  nqptal.  On  the  outside  of  the  rim  are  about  four 
others,  and  on  the  inside  about  the  same  number.  It  will 
now  be  serii  that  as  the  rods  revolve  quickly  the  face 
diamonds  will  cut  down,  and  the  inner  and  outer  will  cut  a 
circular  groove  or  annular  ring  ;  and  that  the  solid  part  of 
the  itdick  left  in  the  centre  will  rise  up  into  the  core  tube. 
Sometimes,  where  the  rock  contains  few  beds,  the  cores 
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(which  will  be  about  one  inch  less  in  diameter  than  the  full 
size  of  the  hole)  will  be  in  long  lengths.  In  other  cases  the 
core  tubes  will  be  filled  with  many  pieces. 

As  the  boring  goes  on,  water  is  forced  at  a  considerable 
pressure  down  the  inside  of  the  boring  tubes,  and,  there 
being  no  release  for  the  water  except  from  under  the  crown 
at  the  bottom,  it  there  rushes  out  with  great  force,  and  rises^ 
up  between  the  boring  tubes  and  the  lining  tubes,  carrying 
with  it  the  loose  sand,  or  soft  mud,  which  may  be  made 
at  the  bottom  of  the  hole. 

The  boring  rods  are  drawn  generally  about  once  a  day ; 
but  should  the  core  tube  get  full  in  less  time  than  a  day, 
they  of  course  are  then  drawn.  A  pair  of  shear  legs  stands 
oyer  the  bore  hole,  and  in  drawing  the  rods  the  joints  are 
uncoupled  at  every  ten  yards. 

The  boring  at  Openshaw  was  carried  down  as  before 
stated  to  a  depth  of  1300  feet,  and  when  at  that  depth  the 
time  occupied  in  raising  the  rods,  emptying  the  core  tube, 
and  again  letting  the  rods  to  the  bottom,  ready  for  work, 
was  about  1^  hours. 

The  site  of  the  hole  is  close  to  the  boundary  between  the 
townships  of  Openshaw  and  Clayton,  and  about  100  yards 
west  of  the  Manchester  and  Stockport  Canal. 

During  the  progress  of  the  boring  there  were  few  serious 
accidents  and  few  delays.  This  was  due  largely  to  the 
excellent  arrangements  made  by  Mr.  Vivian.  He  had  at 
hand  at  all  times  such  tools  as  might  be  necessary  to  meet 
the  exigencies  of  boring,  such  as  breakages  of  rods,  and 
other  matters ;  and  besides  this,  he  took  care  to  have  at 
hand  the  various  materials  requisite  for  the  boring,  before 
the  time  they  were  actually  required. 

A  detailed  section  of  the  strata  passed  through  in  the 
boring  is  appended  to  this  paper,  but  a  short  description 
may  here  be  given.     The  first  36  feet  was  through  the 
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**  Drift/'  which  extends  over  so  great  an  area  around  Man- 
chester. The  bore  then  passed  into  a  soft  bright  red 
sandstone,  terminating  at  82  feet  deep  with  a  2-inch,  bed  of 
conrse  red  sandstone,  containing  small  white  quartz  pebbles. 
This  would  form  the  base  of  the  Bunter  Sandstone.  The 
boring  then  entered  the  ''Permian  Marls/'  and  from  82 
feet  deep  to  150  feet,  the  measures  consisted  of  red  shales, 
with  fiye  thin  beds  of  yellow  and  red  sandstone.  These 
measures  were  devoid  of  fossils.  At  150  feet  deep  a 
2-inch,  bed  of  limestone  was  passed;  and  then  to  217 
feet  consisted  of  a  series  of  unfossilif erous  red  shales  and 
sandstones.  At  217  feet  occurred  a  second  band  of  lime- 
stone, 16  inches  thick,  of  a  brown  colour,  and  containing 
shells.  From  217  feet  to  the  depth  of  242  feet  was  a  series 
of  red  shales  and  limestones,  containing  many  nodules  of 
"  Gypsum,"  and  very  full  of  shells  (mostly  of  the  Bake- 
vellia).  For  a  further  depth  of  40  feet  there  were  red 
shales  with  numerous  layers  of  shells,  and  containing  two 
other  thin  beds  of  limestone ;  and  then  came  2  feet  3  inches 
of  sandstone  conglomerate,  forming  the  base  of  the  Permian 
Marls. 

The  total  thickness  of  the  ''  Permian  Marls  "  was  there- 
fore 205  feet,  of  which  the  first  135  feet  showed  an  absence 
of  fossils,  whilst  the  remaining  70  feet  contained  many, 
along  with  the  beds  of  limestone,  and  nodules  of  gypsum. 

After  passing  the  conglomerate,  the  bore-hole  at  once 
entered  the  ''Permian  Sandstone''  which  was  found  752 
feet  thick.  This  thickness  was  330  feet  greater  than  the 
greatest  thickness  of  this  sandstone  hitherto  ascertained  in 
this  neighbourhood. 

It  consists  almost  entirely  of  beds  of  a  dull  brownish  red 
colour,  sometimes  fine  grained,  and  at  other  times  somewhat 
coarse,  but  nowhere  containing  pebbles,  or  grains  larger 
than  pins'  heads.    Here  and  there  it  was  slightly  mottled 

ir 
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in  colour ;  some  of  the  beds  were  soft,  and  others  much 
harder ;  whilst  occasionally  there  occurred  thin  beds  of 
shale.  The  grains  were  all  waterwom  and  coated  with 
oxide  of  iron. 

The  depth  from  the  surface  to  the  bottom  of  the  ''  Sand- 
stone "  was  1037  feet,  and  down  to  that  point  the  dip  of 
the  beds  was  about  1  in  8.  The  "  Sandstone  "  was  f  oimd 
resting  uncomformably  upon  the  "Upper  Coal  Measures 
Series/'  as  immediately  on  passing  through,  a  bed  of  dark 
grey  shale  was  reached,  having  a  dip  of  about  1  in  3.  All 
the  Measures  below  this  had  the  same  dip.  From  1037  feet 
deep  to  1147  feet  consisted  of  a  series  of  dark  grey  shales 
and  sandstones,  and  purple  shales  and  sandstones,  and  then 
came  a  grey  earthy  limestone,  2  feet  4  inches  thick.  The 
next  100  feet  consisted  of  purple  and  variegated  shales,  with 
nine  beds  of  limestone,  the  total  thickness  of  the  limestones 
being!24  feet,  besides  a  bed  of  limestone  breccia  5  feet  thick. 
These  are  the  limestones  forming  the  "Ardwick  Series,"  and 
by  the  fracture,  &c.  Mr.  Binney,  F.G.S.,  during  a  recent 
visit  to  the  boring,  at  once  recognized  them. 

At  1265  was  a  bed  of  hard  purple  shale,  containing  small 
lenticular  nodules  of  ironstone,  the  matrixes  of  which  were 
of  yellow  earth.  From  this  point  to  1300  feet  consisted  of 
red  and  gray  sandstone,  of  very  fine  grain,  with  thin  beds  of 
shale,  and  one  9-inch  calcareous  band  of  ironstone. 

As  the  distance  between  the  Ardwick  limestones  and  the 
Openshaw  mine  is  known,  the  depth  to  this  mine,  at  the  site 
of  the  boring,  will  be  about  670  yards. 

This  borehole  has  thrown  great  light  on  the  character  of 
^he  measures  which  imderlie  the  "  Permian,",  and  also  gives 
some  insight  into  the  history  of  that  formation  around 
Manchester. 

In  endeavouring  to  construct  a  section  across  the  rise  and 
dip  of  the  beds  from  Manchester  to  Ashton-under-Lyne,  I 
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baye  ayailed  myself  freely  of  the  materials  and  information 
given  by  Mr.  Binney,  in  the  several  papers  read  by  him 
before  this  Society,  or  before  the  Literary  and  Philosophical 
Society.  To  his  researches  in  the  Manchester  district  we 
are  very  q>ecially  indebted. 

Commencing  at  St.  Saviour^s  Church,  Chorlton-on-Medlock, 
and  going  across  the  strike  of  the  measures  to  St.  Barnabas' 
Church,  Openfihaw,  and  thence  to  Charlestown,  Oldham 
Boad,  Ashton,  we  find  the  most  clearly-defined  member  to 
be  the  ''  Permian  Marls."  These,  near  Ardwick  Station,  are 
150  feet  thick ;  at  the  Openshaw  borehole,  as  before  named, 
they  are  205  feet  thick ;  whilst  going  still  further  north- 
east, to  the  Waterhouses  in  Medlock  Yale,  they  are  245  feet 
thick. 

At  the  time  this  member  was  deposited,  the  beds  un- 
doubtedly occupied  one  leyel  plain,  and  the  dislocations  now 
apparent  must  have  taken  place  since  the  Permian  epoch. 
It  is,  howeyer,  quite  clear  that  as  regards  one  of  these  faults, 
yiz.,  that  forming  the  eastern  boimdary  of  the  "  Manchester 
coal  field/'  and  running  imder  St.  Barnabas'  Church,  it 
must  haye  existed  as  a  large  fault  prior  to  the  deposit  of  the 
Permians,  inasmuch  as  the  amount  of  the  displacement  of 
the  Permian  marls  is  so  much  less  than  the  now  proyed  size 
of  the  &ult.  It  must,  therefore,  haye  existed  as  a  fault  of 
several  himdred  yards  of  throw  before  the  marls  were  laid, 
and,  subsequently  to  the  "  Permian  "  or  "  New  Red  "  eras, 
it  has  been  increased  to  a  total  downthrow  of  close  upon 
800  yards. 

The  part  between  St.  Saviour's  Church  and  St.  Barnabas' 
Church  must,  at  the  beginning  of  the  ''  Permian  epoch," 
have  been  dry  land ;  but,  at  the  latter  point,  the  fault  then 
existing  would  have  left  a  huge  cliff  facing  eastwards,  and 
towering  high  above  the  waters  of  the  sea  at  its  base.  This 
sea  must  have  extended  eastwards  to  or  beyond  Ashton,  but 
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would  appear  to  have  decreased  in  depth  towards  Ashton,  as 
the  thickness  of  the  '^  sandstone  '*  there  is  300  feet  less  than 
at  the  borehole  in  Openshaw. 

By  the  time  the  upper  portion  of  the  Permian  sandstone 
was  deposited,  the  land  now  forming  the  city  of  Manchester 
and  far  away  westwards  had  also  sunk  and  become  sub- 
merged, so  that  some  20  to  60  or  80  feet  of  the  sandstone 
had  also  been  deposited  there. 

Then,  oyer  a  wide  and  still  area,  the  Permian  marls  were 
slowly  deposited,  whilst  the  land,  always  changing,  settled 
down  more  slowly  at  Manchester  than  at  Ashton,  causing  a 
deposit  of  151  feet  near  the  Ardwick  Station,  205  feet  at  the 
borehole,  and  245  feet  at  Waterhouses,  near  Ashton. 

It  is  highly  probable  that  the  coal  measures  extended 
unbrokenly  under  the  "  Permians,"  from  the  large  fault  at 
St.  Barnabas*  Church,  ^to  the  end  of  the  section  shown 
herewith,  at  Ashton.  If  so,  then  the  amount  of  the 
dislocations,  which  the  "  Permian  Marls"  have  since  suffered, 
will  indicate  very  nearly  the  actual  sizes  of  the  faults  in 
the  coal  measures  at  the  points  where  such  faults  now 
exist.  The  positions  of  some  of  these  faults  are  not  clearly 
known  as  yet.  At  Clayton  Bridge  the  Permian  Sandstone 
was  found  to  be  59  yards  to  its  base,  with  purple  shales 
imderlying.  It  would  appear,  therefore,  that  no  fault  of 
any  magnitude  is  likely  to  exist  between  St.  Barnabas 
Church  and  that  point.  Further  east,  however,  the  "  Per- 
mian Marls'*  come  in  again  at  the  surface,  and  there  must 
consequently  be  a  large  fault  or  faults  between  Clayton 
Bridge  and  there. 

At  Waterhouses,  the  "  Marls"  are  again  in,  so  that  again 
there  must  be  a  downthrow  to  the  east,  between  the  last 
named  place  and  Ashton. 

Considering  this  section  carefully,  it  is  clear  that  on  the 
easterly  side  of  the  Manchester  coal  field  there  are  also 
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stored  up  immense  resources,  which  will  eventually  come  in 
for  the  supply  of  Manchester.  It  is  true  most  of  the  mines 
will  lie  at  considerable  depths,  but,  as  is  well  known  to  all 
present,  depths  which  some  years  ago  were  deemed  most 
formidable  are  now  by  Mining  Engineers  thought  little  of. 

In  concluding,  I  have  the  pleasure  on  behalf  of  Mr. 
Bradbury  of  the  Clayton  Collieries,  and,  at  his  request,  to 
present  a  section  of  the  Openshaw  borehole  for  the 
acceptance  of  this  Society. 


Section  of  Strata  parsed  through  at  the  Bore 
hole  close  to  the  Township  boundary  between  Clayton 
and  Openshaw^  and  about  100  yards  west  of  the 
Manchester  and  Stockport  Canal. 

Presented  by  Mr.  John  Bradbury. 


Drift. 
Soil  and  sand    

Large  pebbles  and  sandy  clay, 

Brown  sandy  clay 


Brown  clay ^  18 

GFrayelly  clay    

„  and  pebbles 

BuNTER  Sandstone. 

Bed  sandstone,  soft  and  very  red 

Bed  shale |     6 

Coarse  red  sandstone,   with    small    white 
quartz  pebbles  (size  of  large  pin  heads) . . 

Permian  Marls. 
Bed  shale < 

Yellow  sandstone 


Depth  from 
Sur&ce. 

Ft. 

In. 

Ft.       In. 

5 

0 

6     0 

2 

0 

7     0 

8 

0 

15     0 

18 

0 

33    0 

2 

0 

35    0 

1 

0 

36    0 

40 

0 

76    0 

1     « 

0 

82    0 

0 

2 

82    2 

7 

10 

90    0 

0 

6 

90    6 

Bed  Shale,  soft,  unfossiliferoiui 

Tellow  sandstone , 

Bed  shale,  no  fossils 

Bed  sandstone , 

Bed  shale,  no  fossils 

Cbey  sandstone 

Bed  sandf  shale  

Bed  sandstone,  very  fine 

Limestone 

Gfrey  sandstone,  soft , 

Bed  sandy  shale   , 

Qrey  sandstone , 

Bed  shale , 

Bed  sandstone,  with  thin  bands,  of  shale. 

Bed  sandstone 

Bed  shale 

Bed  sandstone 

Red  shale 

Red  sandstone 

Red  shale 

Brown  limestone,  with  sbells 

Red  shale 

Layer  of  gypsmn , 

Red    shale,    6    in.,     full    of    mussel -like 

bivalves,  small 

Red   shale,   with   sheila,   and   also   largish 

nodules  of  gypsum 

Red  shale,  with  rather  large  shells. 


2  0 
4  8 
21  2 

0  4 

1  2 

2  6 

0  2 

1  4 


0  6  I 
3  0  I 
17  0 


Ft  In. 

102  6 

102  10 

108  6 

118  2 

120  2 

124  10 

146  0 

146  4 

147  6 
150  0 

150  2 

151  6 

159  6 

160  0 
163  0 


4 

*i 

17 

0| 

1 

4 

2 

2 

0 

1 

2 

5 

11 

0 

5 

3 

182 

3 

184 

9 

189 

3 

196 

0 

200 

217 

218 

320 

10 

220 

11 

223 

234 

150 


Bed  Shale,  sof  t,  unf  ossilif  erous 

YeUow  sandstone 

Bed  shale,  no  fossils 


99 


99 


Bed  sandstone 

Bed  shale,  no  fossils. 


99 


» 


Grey  sandstone 

Bed  sandy  shale  

Bed  sandstone,  very  fine 

Limestone 

Ghrey  sandstone,  soft 

Bed  sandy  shale   

Grey  sandstone 

Bed  shale 

Bed  sandstone,  with  thin  bands. of  shale. . 

Bed  sandstone 

Bed  shale 

Bed  sandstone 

Bed  shale 

Bed  sandstone 

Bed  shale 

Brown  limestone,  with  shells 

Bed  shale 

Layer  of  gypsum 

Bed    shale,    6    in.,     full    of    mussel -like 
bivalves,  small 

Bed   shale,   with   shells,   and  also  largish 
nodules  of  gypsum i 

Bed  shale,  with  rather  large  shells | 


Depth  from 
SorfiMM. 

Ft 

Tn. 

Ft   la. 

12 

0 

102  6 

0 

4 

102  10 

5 

8 

108  6 

9 

8 

118  2 

2 

0 

120  2 

4 

8 

124  10 

21 

2 

146  0 

0 

4 

146  4 

1 

2 

147  6 

2 

6 

150  0 

0 

2 

150  2 

1 

4 

151  6 

8 

0 

159  6 

0 

6 

160  0 

3 

0 

163  0 

17 

0 

180  0 

2 

3 

182  3 

2 

6 

184  9 

4 

6 

1  189  3 

1 

6 

9 

196  0 

4 

4 

200  4 

17 

0 

217  4 

1 

4 

218  8 

2 

2 

220  10 

0 

1 

220  11 

2 

5 

223  4 

11 

0 

234  4 

5 

3 

239  6 
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i  grey  shelly  limestone,  con- 
lodiiles  of  gypsum,  with  layers 
lale,  concretionary 

full  of  shells 


Ft.    In. 


tone 

with  thin  bands,  full  of  shells  . 

,  with  shells 

with  many  thin  bands,  full  of 


own  massive  limestone,  without 

with  some  shells 

with  a  few  thin  bands  of  brown 
Istone  and  shells 

grey  sandstone 

conglomerate  

Permian  Sandstone. 

tone,  fine  and  soft 

:one,  coarse 

X)ne,  very  soft,  no  core 

tone,  rather  coarse 

itone,  soft  and  full  of  joints  or 
^ater  went  all  way,  and  the  sand 
washed  with  it   

X)ne 

X)ne,  finer,  with  thin  beds  of  shale 

;rey  sandstone,  fine  and  mottled, 
in  beds  of  shale 

slightly  mottled  with  grey)  sand-j 
ne 

tone,  coarser    

coarse !  11 

very  coarse '  37 


Depth  from 
Surface. 


Ft.      In. 


4 

0 

243 

6 

1 

0 

244 

6 

0 

4 

244  10 

12 

8 

257 

6 

0 

6 

268 

0 

9 

0 

267 

0 

0 

3 

267 

3 

11 

9 

279 

0 

3 

0 

282 

0 

0 

9 

282 

9 

2 

3 

285 

0 

7 

6 

292 

6 

9 

0 

301 

6 

8 

6 

310 

0 

9 

6 

319 

6 

14 

0 

333 

6 

6 

0 

339 

6 

5 

6 

345 

0 

2 

0 

347 

0 

28 

0 

375 

0 

11 

6 

386 

6 

11 

6 

398 

0 

37 

6 

435 

6 
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Bed  sandstone,  rather  coarse 

„  finer  grain 

n  99         with  beds  of  coarse. 

„  a  little  coarser    

>)  9,      harder 

99  „      softer 

ff  mottled    

9,  red  and  soft    

99  very  soft  and  fine  grained. . 

99  coarser 

9,  stronger 

„  soft 

>>  >> 

Upper  Coal  Measures. 
Dark  grey  shale   

Dark  grey  gritty  shale,  with  bands  of  pur- 
ple shale  (dip  about  1  in  3) 

Purple  shale 

Dark  grey  shale,  rather  gritty    

Grey  sandstone 

Purple  shale 

Dark  grey  and  purple  sandy  shale 

99  99       sandstone     

Purple  shale,  very  dark  purple 

Grey  earthy  limestone     , . 

Grey  shale    

Purple  shale 

Grey  limestone 

Purple  shale,  with  green  shale    

Grey  limestone 

Grey  and  purple  shale 


Ft. 
35 
29 
42 
12 
29 
17 
41 

1 
29 
17 
42 
12 
291 

0 


IXL 

0 
0 
6 
0 
6 
8 
7 
6 
3 
6 
0 
0 
6 
6 


Depth 
Soxfiuse. 


5    0 


Ft 

In. 

470 

6 

499 

6 

642 

0 

654 

0 

683 

6 

601 

2 

642 

9 

644 

3 

673 

6 

691 

0 

733 

0 

746 

0 

1036 

6 

1037 

0 

1042    0 


16 

0 

1058 

0 

17 

0 

1075 

0 

5 

0 

1080 

0 

0 

6 

1080 

6 

3 

6 

1084 

0 

4 

0 

1088 

0 

13 

0 

1101 

0 

46 

6 

1147 

7 

2 

4 

1149 

11 

0 

2 

1150 

1 

27 

1 

1177 

2 

9 

4 

1186 

6 

6 

0 

1192 

6 

1 

8 

1194 

2 

1 

10 

1196 

0 

Por^  ahale 

Brovu  limeBtooe 

Purple  ahalfl 

Grey  limestone 

Pniple  shale 

Bed  shale  and  limestone  breccia. . 

Yariegated  shale 

Limestone  breccia     

Bad  shale 

Iiimcstono,  earthy    

Variegated  ahaley  clay    

Gney  limestone 

Shale 

drey  limestone 

Purple  shale 

Limestone 


Grey  limestone 

Shale  and  clay 

Variegated  shale,  principally  purple  towards 
bottom 


Purple  shale,  containing  small  benticuki 
nodules  of  ironstone  with  yellow  earthly 
matrix 


Red  sandstone,  very  fine 

Bed  and  grey,  very  fine 

Purple  shale 

Calcareous  band,  with  ironstone 

Sandstone  and  shale,  &c.  (only  2  ft.  of  core 

out  of  "ft.  6iii.} 
Bed  and  grey  sandstone,  fine  grained,  with 

fossil  fern   (Neuropterie),    thin  beds  of 

Bed  shale 


1196 
1199 
1200 
1205 
1214 
1219 
1224 


1224  10 


1230  4 

1232  2 

1237  2 

1237  8 

1238  2 

1239  8 
1241  2 

1241  11 

1242  2 

1243  8 
1248  2 

1259  8 

1265  2 

1266  2 
1277  6 

1280  9 

1281  6 


1299  0 

1300  0 
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The  Chairman  said  he  was  sure  that  all  the  Members 
must  feel  obliged,  both  to  Mr.  Bradbury  for  the  section  and 
to  Mr.  Atherton  for  his  valuable  communication.  Mr. 
Atherton  was  so  kind  as  to  take  him,  a  few  weeks  since,  to 
see  all  the  cores,  and,  as  he  (Mr.  Atherton)  stated,  there 
could  be  no  doubt  whatever  as  to  these  limestones  being  the 
same  as  those  wrought  at  Ardwick.  The  subject  was  one  of 
very  great  importance,  and  one  on  which  he  had  laboured 
for  over  forty  years.  It  had  often  struck  him  whether  the 
fault  east  of  the  Manchester  coal  field  was  one  great  fault, 
or  whether  there  were  two  or  three  steps  between  there  and 
Waterhouses.  On  the  south-west  side  of  Manchester — 
underneath  the  sugar  works  in  Chester  Street — ^the  Ardwick 
limestones,  as  they  all  knew,  were  again  met  with.  Mr. 
Atherton  had  stated  that  this  was  the  thickest  of  the 
Permian  sandstones  that  had  been  met  with  in  the  neigh- 
bourhood. He  (Mr.  Binney)  thought,  however,  that  the 
lower  Permian  sandstone  was  to  be  found  very  thick  indeed. 
Certainly,  in  the  neighbourhood  of  Stockport,  they  had 
bored  considerably  over  four  himdred  feet  without  getting 
through  it.  But  when  they  came  to  Manchester,  on  the 
south  of  the  town,  it  was  scarcely  found  at  all.  Its  occur- 
rence was  very  variable.  The  ground  between  Waterhouses, 
where  the  measures  were  well  seen,  and  Bradford  admitted 
of  any  amount  of  discussion,  and  he  did  not  know  that  it 
had  been  ventilated  much  for  the  last  thirty  years,  except 
by  the  Ordnance  Survey.  The  late  Mr.  John  Wood  made 
two  or  three  very  interesting  borings  in  Medlock  Vale,  and 
they  confirmed  those  of  Mr.  Atherton  to  a  few  feet.  They 
really  might  have  been  the  same,  except  that  Mr.  Wood 
found  no  Ardwick  limestones.  He,  however,  met  with  coal 
measures,  immediately  imder  the  Permian  beds,  with  plenty 
of  Stigrnaria  rootlets  and  a  little  coal  seam. 
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Mr.  Dickinson  said  that  during  the  time  that  the  Society 
met  at  the  Museum,  in  Peter  Street,  they  had  a  section  of 
Mr.  Wood's  bore-hole  hanging  upon  the  wall.  He  did  not 
know  what  had  become  of  it,  and  he  thought  that  a  copy  of 
it  and  of  some  others  presented  by  Mr.  Binney  should  be 
inserted  in  the  Transactions.  There  was  one  thing  apparently 
not  noticed  by  Mr.  Atherton,  which  he  would  like  to  name. 
It  was  possible,  when  the  measures  came  to  be  worked,  that 
those  large  bore-holes,  through  the  water-bearing  strata, 
might  form  channels  for  the  influx  of  water.  He  named 
this  to  Mr.  Bradbury's  manager,  and  that  gentleman  under- 
took to  have  the  hole  in  question  thoroughly  plugged.  For 
fifty  yards  from  the  bottom  he  had  had  strong  clay  put  in 
9nd  pressed  down  as  far  as  could  be  conveniently  done  with 
the  rods. 

The  Ch.virman  said  that  if  Mr.  Livesey  could  furnish 
some  information  with  regard  to  their  sinking,  it  would  be 
of  great  value. 

Mr.  Livesey  said  that  a  section  was  now  being  prepared 
for  the  Society. 

The  Chairman  :  Then  we  could  really  have  a  discussion 
whether  the  4  ft.  coal  of  Bradford  is  the  same  as  the  4  ft. 
of  Pendleton.  It  had  always  been  taken  for  granted,  but 
certainly  never  positively  proved,  although  the  red  ironstone 
of  Patricroft  and  that  under  the  Beswick  Brewery  were  very 
much  alike. 

Mr.  Dickinson  said  that  for  many  years  it  had  been  taken 
for  granted  that  the  4  ft.  of  Worsley  and  Pendlebury  was 
the  4  ft.  of  Bradford.  But  in  preparing  the  quantities  of 
coal  for  the  Coal  Commission  he  went  very  closely  into  that 
matter,  and  from  information  which  he  had  derived  from 
Mr.  Livesey's  bore-hole,  he  concluded  that  that  idea  would 
have  to  be  given  up ;  and  he  thought  when  Mr.  Livesey 
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put  his  section  before  the  Society,  they  would  find  that 
although  the  position  was  an  old-eccepted  one,  it  was  not 
sound. 

Mr.  LiYESEY  said  he  had  been  engaged  in  mining  in  Hie 
district  of  Bradford  now  for  twenty-five  years,  and  the  more 
he  came  to  consider  it  the  more  he  got  into  confusion.  He 
felt  very  certain,  when  he  began,  that  the  Bradford  4ft 
was  the  same  as  the  Worsley  4ft.,  but  he  was  now  convinced 
that^e  knew  nothing  about  it.  Mr.  Atherton  had  been  so 
good  fas  to  say  that  the  new  mine  they  (Messrs.  Livesey) 
were  working  was  the  one  immediately  over  the  big  mine 
at  Ashton,  but  they  had  bored  to  a  considerable  depth  below 
it,  and  he  thought  Mr.  Atherton's  conclusion  was  highly 
improbable. 

Mr.  Dickinson  said  there  was  another  interesting  sinking 
being  put  down  this  side  of  Ashton-under-Lyne,  which 
penetrated  many  hundred  yards  into  those  top  measures, 
and  might  throw  some  further  light  upon  the  question.  He 
hoped  Mr.  Higson  would  favour  the  Society  with  a  copy  of 
that  section. 

Mr.  Plant  said  he  never  believed  that  the  4-feet  mine  of 
Bradford  was  at  all  equivalent  to  that  lying  on  the  west  side 
of  Manchester.  Several  fossil  fishes  occurred  in  the  Brad- 
ford shales,  of  which  not  a  fragment,  up  to  the  present 
time,  had  been  found  either  in  the  Pendlebury,  Clifton, 
or  any  of  the  mines  lying  to  the  west ;  he  had  arrived  at 
the  conclusion  that  there  were  but  few  evidences  of  identity 
between  the  two  series  of  beds  of  coal  and  shales. 

The  Chairman  said  that  in  former  times — that  was, 
before  the  4-feet  was  drowned  out — fish  were  plentiful  at 
Pendleton.  He  had  had  such  good  luck  as  to  get  two  or 
three  entire  fishes  in  a  day.  That  was  forty  years 
ago  ;   but  since  then  he  had  not  had  a  chance  of  getting 
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fishes  from  the  4-feet  mine  on  the  west  side  of  Man- 
chester. 

Mr.  Plant  said  there  were  marked  difierences  between  the 
fishes  in  the  shales  of  the  west  and  those  of  the  east  of  Man- 
chester. At  Bradford  they  were  small,  whilst  the  specimens 
from  the  west  of  Manchester  were  much  larger,  and  belonged 
to  entirely  different  genera. 

The  Chairman  said  the  largest  tooth  he  ever  obtained 
was  at  Pendleton :  it  was  a  triturating  tooth,  and  the  largest 
he  ever  saw  in  this  district.  He  had  had  a  collection  of 
his  own  once  at  the  Royal  Institution ;  but  had  never  seen 
many  specimens  from  Pendleton  in  the  Museum  of  this 
society. 

Mr.  Plant  :  All  I  have  seen  from  the  two  localities 
are  distinct  in  their  characters. 

The  Chairman  :  Fish  are  very  good  in  their  way,  but 
they  are  not  everything,  for  identifying  seams  of  coal.  I 
have  heard  people  say  that  they  can  identify  a  seam  by  a 
scale,  as  they  can  identify  a  fish  by  a  scale ;  but  I  do  not 
believe  it.  The  greatest  living  palaeontologist  can't  do  it. 
I  remember  one  of  our  celebrated  men  being  puzzled  by  a 
man  who,  when  I  used  to  go  ''  fishing  "  at  Pendleton,  made 
baskets  there,  but  he  afterwards  took  to  collecting  fish,  and 
made  a  fine  collection.  Several  of  his  specimens  were  sent 
to  a  great  man,  who  made  as  many  genera  out  of  them.  The 
&ct,  however,  was  that  the  basket  maker  had  taken  them  all 
from  one  fish.  Depend  upon  it,  we  must  have  some  good 
practical  sinkings  or  borings,  as  well  as  fish,  to  guide  us. 

Mr.  Plant:  The  fishes  I  have  are  almost  perfect  speci- 
mens. 

The  Chairman  :   If  we  could  prove  the  identity  of  these 
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beds  either  by  fish,  flesh,  or  f  owl,  it  would  be  very  desirable^ 
and  I  hope  when  Mr.  Livesey  brings  his  paper  we  shall 
have  a  fiill  discussion  and  expression  of  opinion  on  the 
subject. 
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An  Ordinary  Meeting  of  the  Members  of  the  Society 
was  held  on  Tuesday,  the  29th  April,  in  the  Literary 
and  Philosophical  Society's  Rooms,  George  Street,  Man- 
chester; 

E.  W.  BiNNEY,  Esq.,  F.R.S.,  Vice-President, 

in  the  Chair. 

Lord  Lindsay,  F.R.S.,  M.P.,  47,  Brook  Street,  London, 
W. ;  Mr.  Arnold  Lupton,  M.I.C.E.,  F.Q.S.,  Cross  Gates, 
near  Leeds ;  Mr.  John  Walshaw,  Colliery  Manager,  Tyldes- 
ley,  were  elected  ordinary  members  of  the  Society. 


SECTION  OF  STRATA  AT  BRADFORD  COLLIERY. 

By  Mr.  Clegg  Livesey. 


The  Manchester  coal  field  has  been  worked  for  the  supply 
of  Manchester  for  more  than  150  years  by  the  Bradford 
Colliery  Co.  and  its  predecessors,  who  have  during  that  time 
held  leases  of  the  central  portion.  More  recently  the 
extreme  westerly  part  was  wrought  by  the  late  Mr.  Edmimd 
Buckley,  at  St.  George's  Colliery;  and  the  eastern  side, 
under  portions  of  Bradford,  Clayton,  and  Openshaw,  by  the 
Clayton  Colliery  Co. 

It  might  reasonably  have  been  expected,  therefore,  that 
the  exact  position  of  the  coal  field,  with  all  its  characteristics 
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and  surroundings,  would  have  been  thoroughly  ascertained. 
But  it  must  be  remembered  that  in  former  times  few  notes 
were  made  of  established  fact«,  and  still  more  rarely  were 
proper  plans  and  sections  made.  So  that  although  there 
has  long  existed  a  belief  that  the  mine  known  as  the  Brad- 
ford Four-feet  is  the  same  as  the  Four-feet  at  Worsley  and 
Patricroft,  and  there  are  traditions  of  various  attempts 
having  been  made  to  prove  if  this  is  so,  yet  no  record  of  any 
such  explorations  have  been  preserved. 

This  Society  has  already  a  very  good  section  of  the  well- 
known  upper  seams  in  this  district,  viz.,  the  Openshaw, 
Charlotte,  Three-quarters,  Four-feet,  Yard,  and  Two-feet. 
The  first  eflfort  to  penetrate  below  these,  of  which  the  present 
Bradford  Colliery  Co.  have  any  actual  knowledge,  was  made 
by  the  late  Mr.  Porter,  who  had  a  hole  put  down  near  the 
Old  King's  Arms  Inn,  on  the  Oldham-road.  (Marked  No.  1 
on  the  Geological  Map).  This  hole,  after  passing  through 
the  diift,  went  into  a  very  red  and  hard  sandstone,  boring 
through  which  was  so  expensive,  and  the  progress  so  slow, 
that  after  reaching  a  depth  of  about  50  yards  from  the 
surface  the  attempt  was  abandoned.  !Mr.  Porter  was  of 
opinion  that  this  rock  was  the  New  Red  Sandstone,  and 
similar  in  all  respects  to  the  sandstone  at  Bank  Bridge  Print 
works. 

In  June,  180G,  the  Company  commenced  sinking  a  shaft 
in  order  to  prove  whether  the  Four-feet  Mine  was,  as  had 
been  commonly  reported,  the  ** Worsley  Four- feet  Mine*'  of 
the  west  side  of  Manchester.  The  site  of  this  shaft 
(marked  No.  2),  was  in  the  township  of  Manchester,  at  the 
top  of  Bradford  Road,  and  near  to  where  the  new  cemetery 
now  is.  In  this  shaft  the  Four- feet  was  passed  through  at 
a  depth  of  37  yards,  the  Yard  Mine  70  yards,  and  the  Two- 
feet  Mine  138  yards.  It  was  supposed  that  the  Crombouke 
series  of  mines  would  lie  about  300  vards  under  the  Four- 
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feet,  and  when  we  reached  a  very  hard  sandstone,  with 
numerous  balls  of  per-oxide  of  iron,  at  a  depth  of  280  yards 
from  the  surface,  containing  a  large  feeder  of  water,  it  was 
thought  adyisable  to  put  down  a  bore-hole  to  ascertain  what 
further  distance  we  had  to  sink.  (I  may  here  say  that  we 
found  this  rock  was  the  same  as  the  one  Mr.  Porter  had 
mistaken  for  the  New  Red  Sandstone,  and  was  also  the  same 
as  that  from  which  the  Newton  Heath  brewery  drew  its 
water  supply.) 

To  our  disappointment,  in  boring  to  a  depth  of  290  yards 
below  the  bottom  of  the  pit,  or  533  yards  below  the  Four- 
feet  Miue,  we  found  no  workable  seam  ;  the  only  one  worthy 
of  the  least  attention  being  at  a  depth  of  429  yards  below 
the  Four-feet,  and  of  a  thickness  of  2ft.  6in.  This  mine  is 
the  one  we  have  now  sunk  to  in  Bradford,  and  have  named, 
after  the  owner  of  that  township,  the  "  Parker  "  Mine.  As 
this  seam  would  only  have  been  about  2ft.  3in.,  measuring  the 
thickness  at  right  angles  to  the  floor,  we  did  not  look  upon 
it  as  warranting  any  further  outlay,  and  after  reaching  the 
depth  of  570  yards  from  the  surface,  we  ceased  work. 

Encouraged  by  the  fact  that  the  red  rock  we  had  passed 
was  the  same  Mr.  Porter  had  bored  in,  we  next  commenced 
a  bore-hole  (No.  3)  in  Newton  Heath,  thinking  we  might 
probably  get  into  the  lower  measures  to  the  rise.  Here 
again  we  were  disappointed,  as  not  only  at  No.  3,  but  also 
at  No.  4,  we  came  into  what  was  undoubtedly  the  New  Red 
Sandstone,  as  soon  as  we  had  passed  through  the  drift. 

It  is  not  necessary  to  mention  all  the  trials  we  made 
betwixt  these  holes  and  our  most  westerly  attempt  in  Messrs. 
Derbyshire's  fire-brick  yard,  just  below  Queen's  Park.  The 
result,  however,  was  that  we  had  already  bored  at  the  pit  to 
a  greater  depth  than  we  could  hope  to  reach  at  any  of  these 
places,  by  the  then  ordinary  means. 

At  the  commencement  of  the  year  1866,  the  owner  of  the 
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township  of  Bradford,  R.  T.  Parker,  Esq.,  having  agreed  to 
join  with  the  Company  in  another  attempt  to  discover  what 
mines  underlie  those  being  worked  on  his  property,  a  small 
trial  shaft  was  commenced  in  the  said  township,  and  was 
carried  down  to  a  depth  below  the  Four-feet  of  434  yards ; 
but  not  being  satisfied  with  the  rate  of  progress  that  00 
narrow  a  pit  could  make,  we  contracted  with  the  Diamond 
Rock  Boring  Co.  to  complete  the  work.  After  boring  eight 
yards  they  cut  through  the  Parker  Mine  before  named,  but 
here  the  thickness  was  3ft.  2in.  at  right  angles  to  the  floor, 
and  the  pit  of  which  the  annexed  is  a  section  has  since  been 
sunk  to  it.  The  boring  was  continued  to  a  depth  of  157 
yards  below  the  Parker  Mine,  and  this  part  of  the  section  is 
given  from  the  cores  brought  up. 

I  may  here  mention  a  curious  fact  about  this  coal  field. 
All  the  mines  are  very  considerably  thicker  on  the  east  than 
on  the  west.  Seams  that,  in  former  times,  were  considered 
workable  at  Clayton,  were  only  a  few  inches  thick  near 
Miles  Platting.  The  Yard  Mine  has  been  quit^  a  good 
workable  eoul  near  to  the  east  fault,  whilst  on  the  west  side 
of  Bradford  it  is  too  thin  to  be  worthy  of  notice,  and  of 
very  inferior  quality.  Wc  find  the  same  state  of  things  in 
the  Parker  Mine.  As  I  have  before  stated,  at  the  place 
marked  No.  2,  it  was  found  only  2ft.  Gin.  in  vertical  thick- 
ness, and  when  we  found  that  it  was  3ft.  Gin.  in  vertical 
thickness,  we  concluded  that  some  mistake  had  been  made ; 
but,  unfortunately,  it  is  following  the  rule  I  have  mentioned. 
As  our  driving  proceeds  westwards,  we  find  the  seam  divided 
in  two  by  a  strong  band  of  stone,  about  a  foot  from  the 
bottom,  and  this  is  gradually  running  the  lower  part  out. 
It  is,  therefore,  extremely  probable  that  only  a  very  small 
extent  will  be  workable,  as  compared  with  the  whole  coal- 
field, and  that  the  value  of  the  discovery  of  this  Mine  is 
tiilf  80  far  as  regards  the  lower  portion  of  Newton  Heath  and 
all  beyond. 
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There  is  another  curious  fact  that  I  wish  to  notice.  None 
of  the  sections  agree,  and  it  has  been  with  the  greatest  diffi- 
oulty  that  anything  like  a  comparison  could  be  made 
between  the  boring  or  sinking  at  one  place,  and  that  at 
another.  So  marked  is  this  that  although  the  trial  shaft  at 
Bradford  is  only  26  yards  from  the  new  winding  shaft,  we 
often  found  it  impossible  from  comparing  the  strata  in  the 
two  pits,  to  tell  with  sufficient  accuracy  where  we  could 
make  through-drifts  for  airing  purposes,  to  meet  each  other, 
when  commencing  one  end  in  each  pit. 

In  conclusion,  I  may  say  that  this  sinking  has  clearly 
proved  that  there  exists  no  seam  of  workable  thickness  and 
quality  between  the  Four  Feet  Mine,  and  the  new  or  Parker 
Mine,  and  that  there  is  no  workable  seam  for  a  distance  of 
157  yards  below  the  latter. 

It  will  be  very  clear  that  this  does  not  correspond  in  the 
least  with  the  section  underlying  the  Worsley  Four  Feet  in 
any  portion  of  the  district  west  of  Manchester,  and,  there- 
fore, the  question  whether  the  Bradford  Four  Feet  is 
identical  with  it,  remains  still  as  far  from  solution  as  ever. 
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Yds.    ft.    in. 
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The  Chairman  said  that  the  section  presented  by  Mr. 
Livesey  was  one,  which,  he  had  no  doubt,  would  give  rise  to 
a  very  interesting  discussion.      It  was  a  section  in  perfectly 
new  ground,  so  far  as  his  knowledge  extended.    He  might 
state  that  the  opinion  of  all  geologists,  up  to  40  years  ago, 
was  that  the  4ft.  seams  at  Bradford  and  Pendleton  were 
identical ;  of  course,  there  was  no  chance  of  proving  it  by 
continuity,  and  whether  it  was  merely  from  the  thickness  of 
the  seams  that  they  were  called  the  4ft.,  or  from  some  other 
cause,  he  was  not  able  to  say.     It  was  in  the  year  1835  he 
first  looked  at  a  section  of  the  Manchester  coal-field.     The 
Medlock  was  then  in  a  very  difierent  state  to  what  it  is 
now,  and  a  section  could   be   pretty  well  seen  to  the  4ft. 
seam,  and  to  probably  100  yards  below  it.     The  evidence  on 
which  he  first  tried  to  get  a'  connection  between  the  Pendle- 
ton 4ft.  and  the  Bradford  4ft.,  was  in  the  sinking  of  a  shaft 
at  Patricroft.     Messrs.  Lancaster's  having  seen  a  small  coal 
at  Slack  Lane,  near  Patricroft,  thought  that  they  had  got 
the  Pendleton  yard  coal,  and  at  a  depth  of  80  yards  below 
it  they  would  get  the  4ft.     Calculating  upon  having  a  good 
and  extensive  field,  they  sank  a  pit  not  very  far  from  the 
Patricroft  Railway  Station,  but  instead  of  finding  the  4ft. 
coal  at  a  depth  of  80  yards  they  sank  to  above  380  without 
finding  it.    He  observed  a  good  deal  of  their  sinking,  and  they 
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came  upon  a  calcareous  ironstone,  that  calcareous  ironstone 
was  a  remarkable  feature ;  lie  had  never  seen  anything  like 
it  in  the  Lancashire  coal-field,  though  he  had  observed  it  in 
Staffordshire  and  elsewhere.  Afterwards  he  went  below  the 
brewery  in  Beswick,  and  there,  on  the  banks  of  the  Med- 
lock  he  dug  into  a  calcareous  ironstone,  which  was  like  a 
red  haematite,  and  found  it  similar  to  that  at  Patricroft. 
The  bed  at  Patricroft  was  about  360  yards  above  the  4ft. 
The  one  at  Beswick  was  somewhere  about  350  yards  above 
the  4ft.  at  Bradford ;  therefore,  seeing  -those  two  limestones 
very  much  alike,  it  struck  him  that  the  4ft.  of  Pendleton  and 
the  4ft.  of  Bradford  might  be  the  same.  There  were  other 
features  about  those  upper  coal-fields,  which  would  probably 
tend  to  show  some  similarity ;  but  the  only  evidence  he 
ever  heard,  was  that  bed  of  calcareous  ironstone.  In  no  part 
of  Lancashire,  to  the  west,  had  he  seen  anything  like  it,  pro- 
bably, because  they  did  not  get  measures  so  high,  and  he 
might  also  mention  that  he  heard,  many  years  ago,  some 
report  of.  a  limestone  having  been  found  at  Patricroft  simi- 
lar to  the  Ardwick  limestone,  nearer  the  railway.  He  could, 
however,  get  no  direct  evidence  of  it.  He  asked  Mr. 
Livesey  how  many  seams  of  coal  he  found  at  Bradford 
between  the  Four  Feet  and  the  Parker  Mines.  Mr.  Livesey 
said  twenty-three.  That  is  remarkable,  as  the  same  number 
of  seams  were  found  in  Mr.  Fitzgerald's  pit  at  Pendleton, 
between  the  Four  Feet  and  the  Albert  Mines.  He  suggested 
that  when  Mr.  Livesey' s  section  was  published  in  the 
Transactions,  they  would  be  in  a  better  position  to  discuss  it. 
He  was  sure  they  never  could  exhaust  the  subject  at  one 
meeting. 
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DIAGRAM  OF  THE  IRISH  PALEOZOIC  ROCKS.  SHOW- 
ING A  NEARLY  CONTINUOUS   SEQUENCE   FROM 
THE  COAL  MEASURES  TO  THE  CAMBRIAN. 

By  G.   H.   Kinahan,  M.R.I.A.,  President  of  the  Royal 

Geological  Society,  Ireland. 


In  this  diagram  the  thicknesses  are  probably  less  than 
they  would  be  represented  by  most  geologists.  They,  how- 
ever, have  been  calculated  with  great  care,  and  in  all  cases 
where  there  was  possibly  a  repetition  of  beds  by  faults,  allow- 
ance has  been  made  for  this ;  while  in  those  groups  which 
are  of  various  thicknesses,  only  the  mean  thicknesses  are 
given.  The  thickness  of  the  Lower  Cambrian  may  be 
excessive,  as  on  account  of  the  nature  of  the  county  of 
"Wexford,  where  they  are  best  developed,  no  exact  calcu- 
lations can  be  made.  Eruptive  rocks  that  occur  at  particular 
zones  are  represented ;  they  consist  of  Greissen  (quartz- 
rock),  Felstones,  and  Traps.  The  Lower  Cambrians  are 
found  principally  in  the  counties  of  Dublin,  Wicklow,  and 
Wexford,  the  lowest  beds  being  in  the  latter  county,  at 
Carnsore,  the  S.E.  extremity  of  Ireland,  where  they  are 
metamorphosed  into  granite.  Very  similar  granitic  rocks, 
supposed  to  be  of  the  same  age,  also  occur  at  Erris  Head, 
county  Mayo,  the  N.W.  extremity  of  Ireland  ;  and  possibly 
they  also  occur  in  the  west  portion  of  the  county  Donegal. 
But  the  latter  county  has  still  to  be  worked  out. 

The  Upper  Cambrians  have  only  been  recognised  in  the 
west  of  the  county  of  Galway,  where  they  extend  comform- 
ably  upwards  through  a  series  of  rocks  (Great  Micalyte  and 
Lettermore  Quartzyte  series),  probably  the  representatives 
of  the  Arenig  group,  into  the  Cambro-Silurians. 

The  lower  groups  of  the  Cambro-Silurians  (Dark  shale 
and  Ballymoney  series)  are  extensively  developed,  occupying 
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large  tracts  in  Ulster,  Leinster,  and  Connaught,  where  they 
are  often  more  or  less  metamorphosed.  The  upper  group  of 
the  Cambro-Silurians  (Upper  series)  occurs  principally  in 
N.E.  Munster,  having  been  found  in  the  Slieve-na-man, 
Oaltees,  Slieve  Muck,  Slieve  Phelim,  Slieve  Arra,  Slieve 
Bemagh,  and  perhaps,  also,  in  Slieve  Aughta.  Of  these  the 
most  remarkable  locality  is  Ballycar  Cratloe  Hills  (part  of 
Slieve  Bemagh),  a  little  north  of  the  city  of  Limerick, 
where  a  zone  containing  Silurian  fossils  (Upper  Llandovery) 
occurs  inthe  Cambro-Silurians.  This  seems  to  prove  that 
between  the  rocks  in  this  locality  and  the  Silurians  of  Gal  way 
there  cannot  be  a  break  of  magnitude,  the  thickness  of  the 
absent  strata  probably  not  exceeding  a  few  hundred  feet. 

The  typical  or  marine  Silurian  rocks  are  thickest  in  the 
counties  of  Galway  and  Mayo  ;  in  the  latter  county  near 
Ballaghaddereen  (Curlew  Mountains)  they  extend  upwards 
conformably  into  the  Dingle  or  Glengarilff  beds ;  but  in 
West  Cork  and  Kerry  the  passage  from  the  Silurians  into 
the  Carboniferous  is  best  developed.  To  the  north  of  Dingle 
Bay,  in  the  Dingle  Promontory,  the  Silurians  pass  conform- 
ably upwards  into  the  Dingle  beds ;  but  the  latter  are  capped 
unconformably  by  the  Carboniferous  Old  Red  Sandstone. 
This,  however,  is  not  the  case  to  the  south  of  Dingle  Bay, 
as  here  (also  in  the  adjoining  portion  of  the  County  Cork) 
the  Dingle  beds  pass  up  conf ormablj''  into  the  Carboniferous. 
From  the  section  between  Dingle  Bay  and  Kenmare  River 
we  learn  that  only  a  few  thousand  feet  of  strata  are 
absent  in  the  Dingle  promontory,  between  the  Dingle 
beds  and  the  overlying  Carboniferous  Old  Red  Sandstone. 
The  discordancy  in  the  Dingle  promontory  can  be  easily 
explained  from  the  great  downthrow  to  the  north  of  the 
nearly  E.  and  W.  fault  along  the  valley  of  Dingle  Bay ;  it 
is,  however,  unnecessary  to  enter  into  this  subject  here.* 

*See  Proceedings  Royal  Dublin  Society,  Session  1878-79. 
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There  are  some  remarkable  differences  between  the  Irish  and 
English  Silurians.  In  the  former  in  Kerry,  Galway,  Mayo,  and 
Tyrone  (?)  there  is  a  zone  carrying Cambro-Silurian  (Cara- 
doc)  fossils,  while  in  some  localities  the  fossils  will  be  Upper 
Llandovery  type,  but  in  other  places  on  the  same  horizon 
they  will  be  of  Wenlock.  A  very  remarkable  fact  is  that 
the  fossils  characteristic  of  the  highest  group  (Salrock  beds) 
in  Galway — that  is,  in  Ireland,  if  the  Dingle  beds  are  not 
included  in  the  Silurians — are  pronounced  by  Davidson,  the 
eminent  Palaeontologist,  to  be  of  Upper  Llandovery  types. 

The  Lower  Carboniferous  rocks  are  thickest  in  Munster. 
In  Cork  and  the  adjoining  portion  of  Kerry  they  are  nearly 
solely  argillaceous  and  arenaceous  rocks,  while  in  Limerick, 
Clare,  Tipperary,  also  in  the  provinces  of  Leinster  and 
Connaught,  they  are  for  the  most  part  limestone ;  but  in 
the  province  of  Ulster,  associated  with  the  limestones,  are 
arenaceous  and  argillaceous  rocks,  and  in  one  place,  Bally- 
castle,  County  Antrim,  workable  coals :  the  latter  apparently 
on  about  the  same  geological  horizon  as  the  Lower  Coal 
Measures  of  Scotland.  .  The  Upper  Carboniferous,  or  Coal 
Measures,  occur  in  all  the  provinces,  capping  the  different 
types  of  the  lower.  In  Clare  and  Kerry,  where  they  seem 
to  be  thickest,  they  contain  the  fewest  workable  seams  of 
coals.  In  Connaught  and  Ulster,  there  are  workable  coals 
in  the  Middle  Measures,  while  in  Tyrone  the  seams  are  most 
nimierous.  In  Cork,  Limerick,  Kerry,  Clare,  Meath,  and 
Louth,  fish  remains  of  true  Coal  Measure  types  have  been 
foimd  in  the  lowest  strata  of  the  Coal  Measure  (Lower 
Measures. 

Professor  Boyd  Dawkins  said  he  had  not  had  any  oppor- 
tunity of  studying  the  sections  described  by  Mr.  Kinahan, 
but  one  reflection  occurred  to  him  in  looking  at  what  was 
now  shown  to  them,  namely,  that  they  found  the  Car- 
boniferous   plants    descending     considerably    below    the 
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Carboniferous  rocks  in  England.  With  regard  to  the  con- 
troyersy  as  to  the  existence  of  the  Devonian  rocks  as  a 
formation  or  not,  it  seemed  to  him  that  the  proper  view  to 
take  was,  that  the  flora  did  not  tell  us  anything  whatever  with 
regard  to  the  classification  of  Devonian  and  Carboniferous,  or 
even  Silurian  strata.  As  a  matter  olfact,  when  we  looked  at 
the  changes  which  were  ofiered  by  the  fossil  floras  all  over  the 
world,  we  found  that  the  flora  was  invariably  changed  much 
more  slowly  than  the  animal  life ;  so  that  we  had,  for  example, 
in  the  Cretaceous  age  of  America  a  group  of  plants  which 
for  a  long  time  were  considered  to  be  of  Meiocene  age 
in  Europe.  It  seemed  to  him,  therefore,  in  the  controversy 
as  to  the  Devonian  being  Carboniferous  or  not,  that 
the  fact  of  finding  sigil/arup,  sfigmarioe,  and  the  like  in 
Devonian  rocks  did  not  settle  the  question  at  all.  So  far  as 
he  knew  the  evidence  of  the  palaeozoic  flora,  those  trees 
which  arrived  at  their  maximimi  development  in  the  Car- 
boniferous age,  and  which  were  taken  to  be  distinctly  of  the 
Carboniferous  flora,  had  their  origin  in  the  Upper  Silurian 
times.  During  the  time  when  the  Silurian  rocks  of  this 
country  were  being  accumulated  under  the  waves  of  the  sea, 
there  were  on  the  land  forests  in  all  probability  closely 
allied  to  those  which  afterwards  flourished  on  the  land 
in  the  Carboniferous  age ;  therefore  the  occurrence  of  Car- 
boniferous plants  in  the  Devonian  did  not  really  tell  them 
that  the  latter  beds  were  of  true  Carboniferous  age,  using  it 
in  the  sense  in  which  the  term  "  Carboniferous  period  "  had 
been  used  as  far  as  relates  to  England.  He  merely  mentioned 
this  because,  in  the  discussion  on  this  matter,  the  difierence 
in  the  value  of  the  evidence  of  fossil  vegetables,  as  com- 
pared with  the  higher  existences — that  is  to  say,  the 
animals — ^had  not,  to  his  mind,  been  properly  realised. 

Mr.  John  Aitken  said  that  Mr.  Kinahan,  in  the  paper, 
made  use  of  the  term  "  Carboniferous  old  red."     He  did  not 
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know  the  meaning  of  this,  unless  it  applied  to  those  dispated 
beds  which  some  claimed  as  Carboniferous  and  others  at 
Devonian,  or  old  red. 

The  Chairman  :  It  is  new  also  to  me. 

Mr.  De  Range  said  that  so  far  as  he  understood  Mr. 
Kinahan's  views,  from  his  published  papers,  he  (Mr.  Kinahan) 
maintained  that  the  Dingle  beds  and  Glengariff  grits  of  the 
south-west  of  Ireland  were  equivalent  in  time,  and  that  they 
were  Upper  Silurian.  In  the  Dingle  district  they  had 
resting  upon  them  certain  beds  which,  according  to  the 
Geological  Survey,  were  Old  Red,  and,  according  to  Mr. 
Kinahan,  were  Carboniferous ;  but  he  made  that  a  minor 
point.  He  thought  the  author  merely  meant  by  "Carbo- 
niferous old  red'* — the  red  and  sandy  condition  of  the  base  of 
the  Carboniferous  of  that  particular  area ;  and  to  that  partic- 
ular horizon  he  referred  the  Kiltorkin  beds  in  Kilkenny  and 
the  middle  districts  of  Ireland,  which  contained  the  Cyclop' 
ten's  (or  Palwopteris)  Hibernicus,  That  plant,  according  to 
Mr.  Kinahan,  marked  the  base  of  the  Carboniferous  series,  and 
that  agreed  with  the  conclusions  of  Prof.  Heer,  in  the  work 
in  which  he  showed  the  arrival  of  the  Ursa  stage  to  be 
equivalent  to  the  Lower  Carboniferous  formations  of  this 
country.  The  Ursa  stage  of  Iceland  and  Spitzbergen  con- 
tained the  same  plants;  and  Prof.  Heer  compared  it  to  the 
base  of  the  Carboniferous,  laying  great  stress  on  the  fact 
that  the  first  rich  land-flora  the  world  ever  saw  came  into 
being  before  the  Carboniferous  Limestone,  and  that  that 
same  flora — a  Carboniferous  flora — existed  on  and  on 
throughout  the  whole  time  occupied  by  the  deposition  of 
the  Carboniferous  limestone  in  various  parts  of  the  world,  and 
up  and  into  our  coal  measures.  The  great  point  of  difference 
between  Mr.  Kinahan  and  Mr.  Hull  on  the  Devonian 
question,  appeared  to  be  with  regard  to  the  beds  near  the 
Kenmare  river.     In  the  Dingle  district  there  appeared  not 
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to  be  mucli  in  dispute;  they  had  at  the  base  beds  of  Car- 
boniferous age — call  them  old  red,  if  they  liked — ^resting  on 
the  Dingle  beds,  which  were  Upper  Silurian.  Then,  coming 
farther  south,  to  the  Kenmare  river,  Mr.  Einahan  said: 
"Here  we  have  conformity,  with  a  perfect  transition 
from  the  Carboniferous  old  red,  down  into  the  Glengariff 
grits,  which  are  Silurian.  There  is  no  great  difference, 
physical  or  palseontological,  between  the  Carboniferous  at 
the  top  and  the  Silurian  at  the  bottom/'  Mr.  Hull  went  to 
the  same  place,  and  came  to  a  totally  opposite  conclusion. 
He  said — and  this,  it  appeared  to  him,  was  a  question  for  a 
jury  of  experts — **  So  far  from  there  being  perfect  sequence, 
there  is  a  break>  and  that  break  is  something  more  than  the 
break  which  occurs  at  Dingle  Bay,*  for  it  is  a  break  betwixt 


*  DnroLi  Bay. 


Lower  Carboniferous 

Yellow  Sandstones,  2000  feet 
Old  Bed  sandstone,  4000  feet 

Break    , 

Dingle  Beds 10,000  feet 


Ecnmare  R. 


KiNAHAN. 


Hull. 


Lower  Carboniferous 
Yellow  Sandstones  ) 
Old  Red  Sandstones  j 

(No  break)    

Olengariff  Grits  . . . . 


Lower  Carboniferous. 

Absent. 

Break. 
Glcngariff  Grits. 


the  Carboniferous  on  one  side,  and  the  bottom  Silurian; 
the  old  red  is  entirely  absent.*'  It  seemed  to  him  (Mr.  De 
Bance)  to  be  a  question  of  fact  between  these  two  geologists, 
and  it  was  impossible  for  outsiders  to  determine  without 
going  to  the  ground.  It  will  be  curious  to  know  which 
of  the  two  views  is  right,  because  it  appears  an  extra- 
ordinary thing  that  two  trained  observers,  like  Mr.  Kinahan 
and  Prof.  Hull,  should  go  to  the  same  place  and  arrive  at 
snch  opposite  conclusions. 

The  Chairman  said  it  could  be  easily  accounted  for.  One 
gentleman  looked  through  one  pair  of  spectacles,  and 
the  other  gentleman  through  another.  The  passage  of  the 
Idas,    for    instance    into    the    Upper    Trias   had    always 
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been  a  matter  of  difficulty ;  half  a  score  of  people  had  aeen 
it  one  way  and  the  same  number  another.  So  also  witii 
regard  to  the  Carbonif  erouB  and  the  Permian,  and  he  did 
not  see  why  the  same  difficulty  should  not  eodst  as  to  the 
Devonian  and  Carboniferous.  He  beUeved  there  were  places 
where  the  Carboniferous  passed  insensibly  into  the  Devon- 
ian. With  regard  to  the  latter  passing  into  the  Silurian, 
he  had  seen  nothing  like  a  passage  himself.  All  the  sectioiu 
•  he  had  observed  in  the  Isle  of  Man  and  elsewherei  showed 
them  to  be  as  unconformable  as  possible.  The  Old  Bed,  or 
Devonian — ^whichever  it  was — ^lay  quite  unconf ormably  on 
the  rocks  imdemeath.  He  hoped,  when  a  jury  was  summoned 
to  settle  the  difference  between  the  two  litigants,  the  testi- 
mony of  witnesses  only  would  be  received,  and  that  neither 
party  would  be  permitted  to  give  evidence  himself.  It 
was  a  subject  about  which  those  here  could  know  little,  imless 
they  were  on  the  spot  to  see  for  themselves. 


NOTES  IN  PRESS  BY  THE  AUTHOR. 

Tho  *<  Carboniforoas  Old  Red  Sandstones*'  are  the  arenaceous  and 
argillaceous  rocks,  which  occur  at  the  base  of,  or  in,  the  carboniferous  rockr 
»See  "  Manual  of  the  Geology  of  Ireland,"  chap.  v. 

In  reference  to  the  remarks  of  the  Chairman :  there  are  certain  groups 
of  rocks,  passage  beds  from  one  formation  to  another,  as  to  the  age  of  which 
palseontological  and  statigraphical  geologists  are  at  variance.  Those  to 
which  I  would  specially  refer  are : — 

Ist.  Arenig  group,  the  passage  beds  between  the  Cambrians  and 
Cambro-Silurian ;  which  some  geologists  would  place  in  the  Cambrians 
while  others  would  put  them  in  the  Cambro-Silurian.  These  stratigraphic- 
ally  seem  to  belong  to  the  Cambrians  which  pala}ontalogically  they  are 
allied  to  the  Cambro-Silurians. 

2nd.  Th4  Devonian,  or  Lower  Old  Red  Sandstone.  These  are  the  passage 
beds  between  the  Silurians  and  the  Carboniferous, — stratigraphically  they 
seem  to  belong  to  the  Silurian,  while  some  of  the  fossils  are  eminently  oi 
carboniferous  tjrpee. 
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3rd.  Per  mum.  Theeo  are  the  passage  bods  between  the  Carboniferous 
and  the  Triassoojurassic. — stratigraphically  tbey  are  in  part  allied  to  the 
Carboniferous,  and  in  part  to  the  Triassic — while  tlie  fossils  according  to 
Baily,  are  almost  entirely  of  Carboniferous  types — I  here  call  the  rocks  into 
which  they  graduate  upwards,  Triasso-jurasdo,  because  there  does  not  seem 
to  be  a  true  geological  break  between  these  two  so-called  formations,  as 
already  put  forward  by  Le  Conte  and  other  geologists. 

All  the  geologists  who  have  examined  the  '*  Cork  Rocks  "  carefully,  in- 
cluding Griffith,  Jukes,  and  their  stafis,  have  come  to  the  conclusion  that 
the^  are  continuoue  from  the  Glengariff  Or  its  up  to  the  Carboniferous  slates. 


TRANSACTIONS 

OP  THE 

MANCHESTER  GEOLOGICAL  SOCIETY. 

Pabt  YIII.  Vol.  XV.  Session  1878-9. 


An  Ordinary  Meeting  of  the  Members  of  the  Society 
was  held  on  Tuesday,  the  27th  May,  in  the  Literary 
and  Philosophical  Society's  Rooms,  George  Street,  Man- 
chester ; 

J.   E.   Forbes,   Esq.,  F.G.S.,  President, 

in  the  Chair. 


ON  THE  OCCURRENCE  OF  A  BED  OF  IRON  PYRITES 
IN  THE  MILLSTONE  GRIT  IN  THE  WALSDEN 
VALLEY,  NEAR  TO  THE  REMAINS  OF  AN  ANCIENT 
BLOOMARY. 

By  Mr.  John  Aitken. 


The  object  of  the  present  brief  notice  is  to  draw  the 
attention  of  the  Society  to  the  existence  of  a  bed  of  iron 
pyrites,  or  highly  pyritised  rock,  in  the  millstone  grit  of 
the  Todmorden  Valley,  and  also  the  occurrence  of  the 
remains  of  a  Bloomary,  or  ancient  iron  smelting  furnace, 
the  latter  of  which  is  situated  close  to  the  outcrop  of  the 
bed  of  pyrites,  and  which  was  in  all  probability  the  source 
from  whence  a  supply  of  ore  was  obtained  for  use  in  this, 
and,  perhaps,  in  other  Bloomaries  which  existed  in  the 
immediate  locality. 
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My  attention  was  first  directed  to  a  large  heap  of  slag  at 
this  spot  by  Mr.  Robert  Law,  of  Walsden,  (a  painstaking 
young  geologist  of  that  neighbourhood),  some  two  or  three 
years  ago,  during  a  geological  ramble  along  that  romantic 
gorge,  which  upon  examination  turned  out  to  be  the 
remains  of  an  old  Bloomary. 

An  interesting  paper  having  been  read  about  this  time  to 
the  Bacup  Literary  Society,  by  Mr.  James  Kerr,  of  Craw- 
shawbooth,  on  the  occurrence  of  Bloomaries  in  the  Rossendale 
Valley  and  at  other  places,  excited  some  local  interest  in 
this  subject  and  led  to  further  and  more  careful  observation, 
which  has  resulted  in  the  discovery  of  several  additional 
furnaces  of  this  character  on  the  border  hills  dividing  the 
counties  of  Lancashire  and  Yorkshire,  and  also  in  other 
places  in  the  two  counties. 

In  connection  with  the  situations  of  these  Bloomaries, 
considerable  difficulties  have  been  experienced  as  to  the 
source  or  sources  from  whence  a  supply  of  ore  could  have 
been  obtained  for  the  purpose  of  smelting,  and  various 
suggestions  have  been  made  to  meet  the  case,  —  some 
attributing  it  to  the  bands  of  clay  ironstone,  of  Lower 
Carboniferous  age,  which  crop  out  on  the  hillsides  of  the 
district,  whilst  others  have  suggested  that  the  ore  was 
derived  from  the  rich  deposits  existing  in  Furness,  the 
position  of  the  Bloomaries  being  determined  by  the  presence 
in  the  immediate  neighbourhood  of  each,  of  an  abundant 
supply  of  fuel  in  the  shape  of  timber — vegetable  charcoal 
being  exclusively  used  for  smelting  iron  at  that  period ;  less 
difficulty,  it  is  contended,  would  arise  in  convoying  the  ore 
to  the  fuel  than  in  carrying  the  fuel  to  the  ore.  Neither  of 
these  suggestions,  however,  appear  to  me  to  ofier  a  satisfactory 
solution  of  the  difficulty.  The  bands  of  clav  ironstone  are 
too  thin  and  inconsiderable  to  give  an  adequate  and  con- 
tinued supply  ;  and  the  distance  at  which  Furness  is  situated 


187 

from  the  places  of  consumption  involyes  difficulties  of  transit 
which,  with  the  means  of  communication  then  available, 
appears  to  render  this,  as  the  supplying  source,  highly  im- 
probable. The  question  is,  therefore,  still  involved  in  con- 
siderable doubt  and  uncertainty.  That  Bloomaries  formerly 
abounded  in  various  parts  of  Lancashire  and  Yorkshire,  as 
well  as  in  other  parts  of  our  country,  and  that  they  were 
always  placed  in  situations  so  as  to  secure  the  advantages  of 
an  adequate  supply  of  fuel,  and  also  a  sufficient  current  of 
air  to  give  the  necessary  strength  of  blast  for  smelting  the 
ore,  is  undoubted;  but  the  question  as  to  whence  the 
material  came  for  smelting  has  not  as  yet  received  a  satis- 
factory answer. 

The  discovery  of  a  body  of  iron  pyrites,  in  close  contiguity 
to  the  site  of  the  Bloomary  under  consideration,  places  it  in 
a  different  category  to  any  which  has  been  previously 
described  in  this  part  of  the  country,  and  furnishes  a  reason 
for  my  venturing  to  bring  the  fact  before  the  notice  of  this 
Society. 

As  previously  stated,  the  remains  of  the  Bloomary  are 
situated  upon  a  knoll  standing  out  on  the  S.E.  side  of  the 
Walsden  Valley,  close  to  a  small  tributary  stream,  known  as 
the  Bottomly  Brook,  which,  rushing  down  the  steep  declivity, 
has  cut  a  deep  channel  in  its  face,  thus  giving  a  degree  of 
prominence  to  the  spot  it  would  not  otherwise  possess ;  and 
at  an  elevation  of  some  250  feet  from  the  level  of  the  valley 
beneath. 

The  place,  although  not  exhibiting  on  the  surface  any 
trace  of  the  original  structure,  is  easily  distinguished  by  the 
scoria  which  has  been  accumulated  at  the  spot,  and  which  is 
also  plentifully  scattered  around.  This  heap  of  dross  must 
at  one  time  have  been  considerably  larger  than  at  the 
present,  it  having  been  freely  made  use  of  for  repairing  the 
road  which  nms  along  the  side  of  the  hill  and  passes  close 
by  the  site  of  the  Bloomary. 
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The  bed  of  iron  pyrites  to  which  reference  has  been  made 
is  situated  near  the  top  of  the  third  member  of  the  millstone 
grit,  and  is  exposed  in  the  bed  of  the  stream,  only  a  few 
yards  to  the  N.E.  of  the  elevation  upon  which  the  Bloomary 
stood,  over  which  the  water  falls  in  a  small  cascade.  The 
rock,  a  fine-grained,  grey,  rather  soft  sandstone,  has  the 
metal  pretty  equally  distributed  throughout  its  body;  in 
some  cases,  however,  it  occurs  in  strings,  and  in  others  is 
found  lining  small  caWties,  which  are  distributed  throughout 
the  rock.  The  bed,  so  far  as  visible,  appears  to  be  about  16 
or  18  inches  in  thickness ;  the  means  of  observation  are, 
however,  somewhat  limited,  as  the  rock  almost  immediately 
plunges  into  the  banks  bounding  the  stream,  and  is  lost 
from  view.  Mr.  Robert  Law,  who  has  rendered  me  valuable 
aid,  in  not  only  pointing  out  the  position  of  the  Bloomary, 
but  also  in  continuing  the  investigations,  with  the  view  of 
ascertaining  whether  this  metalliferous  rock  occurs  in  other 
places  in  the  neighbourhood  or  not,  informs  me  that  after  a 
careful  search  he  has  not  been  able  to  detect  its  presence  at 
any  other  spot.  This  confirms  my  previous  observations, 
and  renders  it  probable  that  it  has  only  a  local  existence, 
and  may,  therefore,  partake  more  of  the  character  of  a 
pocket  or  patch,  having  a  local  development,  than  that  of  a 
continuous  and  persistent  bed.  However  this  may  be,  the 
fact  of  the  Bloomary  having  been  located  here,  in  such  close 
contiguity  to  this  bed  of  metalliferous  rock,  which  would 
supply  a  desideratum  not  to  be  met  with,  so  far  as  yet 
ascertained,  at  any  other  place  in  the  neighbourhood,  would 
naturally  lead  to  the  conclusion  that  it  indicated  something 
more  than  a  mere  coincidence,  and  that  the  position  of  the 
Bloomary  was  in  all  probability  determined  by  the  presence 
of  the  bed  of  iron  pyrites  at  this  spot. 

I  mav  further  mention  that  the  remains  of  at  least  two 
other  Bloomaries  are  known  to  exist  in  this  immediate 
locality — one  about  haK-a-mile  to  the  north,  on  the  same 
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side  of  the  valley,  and  one  on  the  opposite  side,  about  the 
same  distance  from  the  metalliferous  sandstone — at  both  of 
which  places  considerable  quantities  of  slag  still  exists. 
Whether  these,  and  others  which  may  yet  be  discovered, 
drew  their  supply  of  ore  from  this  spot,  or  other  outcrops  of 
the  pyritised  rock  were  known  to  the  ancient  iron  smelters 
but  which  is  lost  to  the  present  generation,  no  evidence 
exists  to  show.  It  is,  however,  a  not  unreasonable  inference 
to  draw,  that  should  this  prove  to  be  the  only  exhibition  of 
this  material,  that  it  in  all  probability  furnished  the  ore,  at 
least  in  part,  to  all  the  furnaces  in  the  immediate  neigh- 
bourhood. 

In  order  the  more  fully  to  understand  the  stratigraphical 
position  of  this  bed  of  rock,  I  append  a  section  of  the  third 
division  of  the  millstone  grit,  as  exhibited  in  the  Walsden 
Valley,  for  the  principal  part  of  which  I  am  also  indebted 
to  the  gentleman  whose  name  I  have  more  than  once 
mentioned  during  the  reading  of  these  remarks. 

On  the  table  are  placed  specimens  of  the  pyritised  rock 
and  several  pieces  of  the  slag  or  scoria. 

SECTION  OF  THIRD  MILLSTONE  GRIT,  WALSDEN,  NEAR 

TODMORDEN  :— 

ft.    in. 

Dark  shale,  the  upper  part  very  fossilif erous,  con- 
taining goniatites  avicula-pecten,  &c 60  0 

Bed  of  pyritif erous  rock        1  4 

Grey  micacious  sandstone 30  0 

Impure  coal from  3  to  G 

Underclay 6  0 

Coal         0  6 

Underclay 0  10 

Light-grey  thick-bedded  sandstone     10  0 

Grey  micacious,  flaggy  sandstone,  with  numerous 

worm  tracks  near  the  bottom 30  0 

Light  fawn-coloured  sandstone         4  0 

Grey  flaggy  sandstone 15  0 

Dark  shale 10  0 
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Mr.  Plant  asked  if  the  occurence  of  iron  pyrites  was 
given  in  the  memoir  of  the  Geological  Survey  upon  the 
Burnley  coalfield,  which  comprised  Todmorden  and  Walsden? 

Mr.  AiTKEN  :  As  far  as  I  am  aware  no  mention  whatever 
is  made  of  it,  either  by  the  Geological  Survey  or  by  local 
observers. 

Mr.  Plant  said  that  Mr.  Aitken  was  very  particular  in 
going  over  that  part  of  Lancashire,  to  note  down  all  the 
heaps  of  slag ;  and  it  was  surprising — there  being  such 
strong  evidence  to  the  existence  of  some  sort  of  smelting, 
in  the  spot  indicated  by  Mr.  Aitken,  that  that  had 
escaped  his  keen  and  searching  examinations.  The  wonder 
was  how  anyone  could  have  got  iron  from  pyritic  sandstone 
of  such  a  character.  The  existence  of  quantities  of  sulphur, 
in  iron  in  that  state,  and  the  well-known  difficulties  in  getting 
rid  of  the  .sulphur  to  make  it  into  a  decent  iron,  made  it 
astonishing  that  there  should  have  been  a  possible  production 
of  anything  like  malleable  iron  from  such  materials.  lie 
supposed  it  would  hardly  pass  in  the  markets  of  the  present 
day  as  a  saleable  ore. 

Mr.  Aitken  :  Not  as  a  saleable  ore,  certainly. 

Mr.  Plant  continued  :  Therefore  the  per  centage  of  iron 
got  from  the  deposit  must  have  been  extremely  small,  and 
its  production  surrounded  bj'  all  the  objectionable  features 
that  belong  to  pyritic  iron  ore.  He  remembered  having 
gone  over  the  districts  a  few  years  ago,  and  very  likely 
kicked  his  foot  into  the  heaps  of  slag,  but  it  never  occurred 
to  him  that  they  were  the  dchr'ni  of  ancient  smelting  works, 
they  looked  like  ordinary  waste  heaps  which  they  were 
accustomed  to  see  on  the  moorlands. 

Mr.  Dickinson  said  that  a  considerable  quantity  of  iron 
pyrites  lay  imdeiTieath  the  gannister  coal  in  the  neighbour- 
hood of  ^VTiolaw  Nook,  between  Bacup  and  Burnley.  It 
occurred  just  at  that  part  of  the  coal  field  where  the  upper 
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foot  coal — which  was  a  very  sulphurous  coal — united  with 
the  gannister,  forming  a  thick  bed.  Underneath  the  floor 
of  these  united  beds  was  a  bed  of  iron  pyrites,  averaging 
almost  a  foot  in  thickness  ;  it  was  pretty  much  the  same  as 
Mr.  Aitken's  sample ;  but  neither  from  that  irregular 
deposit  underneath  the  gannister  and  upper  foot  coal,  nor 
from  the  bed  of  pyrites,  of  which  Mr.  Aitken  had  produced 
a  specimen,  was  iron — according  to  his  experience — likely 
ever  to  have  been  manufactured.  lie  thought  if  a  bloomary 
had  been  used  for  any  purpose  in  connection  with  that  iron 
pyrites,  it  must  have  been  for  the  sake  of  the  sulphur  and 
not  of  the  iron.  He  did  not  know  of  any  place  where  iron 
pyrites  of  that  description  was  used  for  producing  manufac- 
tured iron.  In  the  neighbourhood  of  the  Rio  Tin  to  Sulphur 
Socks,  in  Spain,  it  appears  there  are  several  old  slag  heaps. 

Mr.  Peter  Spence  said  it  would  be  very  difficult  to 
eliminate  the  sulphur  from  the  pyrites,  in  any  shape,  so  as 
to  make  a  malleable  iron  out  of  it.  Did  Mr.  Aitken  know 
what  proportion  of  pyrites  there  was  in  that  bed  of  sand- 
stone P 

Mr.  Aitken  :  I  do  not. 

Mr.  Spence  said  he  should  not  suppose  it  would  be  half 
the  weight.  A  peculiar  kind  of  pyrites  was  discovered  a 
few  years  ago  at  Dove  Holes,  near  Buxton,  rimning  under 
the  limestone.  It  was  in  a  different  form  altogether  from 
that  shown  by  Mr.  Aitken,  being  disintegrated  for  the  most 
part,  and  where  hard  easily  crushed  by  the  hand.  The 
pyrites  was  in  separate  crystals,  varying  in  size  from  a  pin's 
head  to  a  nut,  and  Mr.  Macdougall  was  induced  to  try 
to  work  it  economically,  by  roughly  grinding  and  washing 
it.  The  attempt  was  not  a  success,  however,  commercially. 
There  was  the  fact,  nevertheless,  of  a  large  deposit  of  pyrites, 
running  under  the  limestone  rock  at  Dove  Holes,  and  more 
distinctly  separate  than  Mr..  Aitken's  sample  seemed  to  be. 
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That  Dove  Holes  pyrites,  he  might  add,  he  analysed  oaie- 
fnlly  in  his  hiboratory,  and  found  that  it  eontained  one 
grain  of  gold  to  the  ton.  From  6  or  71bs.  weight  he  aotnally 
got  a  particle,  visible  as  a  black  speck  to  the  naked  eye,  bat 
under  magnifying  power  as  a  particle  of  gold.  There  mm 
four  pence  worth  of  gold  to  the  ton ! 

Mr.  Attken  said  he  quite  recognised,  and  had  experienced 
the  difficulties  suggested  by  Mr.  Plants  and  reiterated  by 
Mr.  Dickinson  and  Mr.  Spence.  The  difficulty  had  oocurred 
to  him  precisely  as  it  had  presented  itself  to  them,  that  the 
ore  was  scarcely  rich  enough  in  metal,  and  that  the  extraction 
of  the  iron,  with  such  appliances  as  people  centuries  ago  had 
at  their  command,  could  have  been  no  easy  matter.  But 
the  question  arose  in  his  mind  whether,  as  those  bloomaries 
imdoubtedly  existed  in  considerable  numbers,  amongst  the 
hills  and  valleys  of  that  part  of  the  country,  and  as  smelted 
iron  was  also  a  certainty, — from  whence  did  they  get  ^their 
supply  of  ore  ?  Iron  ore  existed  in  the  coal  measures  in  thin 
bands,  and  he  hod  found  them  frequently  on  all  the  lull 
sides  in  that  particular  district,  but  he  had  never  yet  been 
able  to  ascertain  that  the  quantity  was  sufficient  to  be  made 
at  all  available  for  commercial  purposes.  The  nearest  point, 
as  far  as  he  was  aware,  where  an  available  supply  of  good 
material  could  be  obtained,  was  Furness  ;  and  it  struck  him 
that  to  bring  haematite  from  Furness  to  smelt  on  the  borders 
of  Lancashire  and  Cheshire  would  present  difficulties  of  too 
serious  a  nature  to  be  got  over.  When  he  hit  upon  that 
particular  bed  of  rock  in  close  proximity  to  the  old  bloom- 
aries, the  connection  between  the  two  naturally  suggested 
itself  to  him :  consequently  he  ventured  to  bring  the  matter 
before  the  society, — ^rather  in  a  tentative  form,  he  admitted, 
that  day,  because  he  should  be  sorry  to  assert  positively  that 
that  rock  had  actually  been  made  use  of  for  the  purpose 
described,  though  it  was  likely  to  have  been,  to  some  extent. 
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mixed  perhaps  with  richer  ores  procured  from  other  places. 
The  hills  were,  in  ancient  times,  covered  with  timber  and 
brushwood ;  hence  fuel  would  be  inexpensive.  Labour,  too, 
would  be  cheap,  and  therefore,  under  the  peculiar  circum- 
stances in  which  they  were  placed,  the  ore  might  have  been 
made  available  for  the  purpose  of  smelting.  Now,  with 
regard  to  metal  being  obtained  in  small  quantities  and 
used  for  economical  purposes,  he  might  mention  Alderley, 
where  copper  was  found,  distributed  through  the  new  red 
sandstone,  in  such  minute  quantities  as  barely  to  render 
its  extraction  remunerative  at  the  present  day.  He  had 
just  been  informed  that  the  Alderley  copper  mines  were 
now  closed,  and  that  made  his  argument  still  stronger. 
It  was,  he  believed,  an  undoubted  fact  (he  did  not 
know  whether  Mr.  Plant  would  deny  it  or  not)  that  those 
rocks  at  Alderley  were  worked  in  pre-historic  times ; 
stone  implements  had  been  found  in  great  abundance ;  and 
the  rock  had  been  disturbed  and  removed,  and  the  holes 
filled  up  again.  That  no  one  would  doubt ;  and  he  could 
not  conceive  any  other  purpose  for  which  the  rock  had  been 
so  worked  but  the  extraction  of  the  metal.  It  seems  a 
mystery  how  that  could  possibly  have  been  done  so  long  ago 
with  anything  like  economy ;  but  it  might  be  that  our  fore- 
fathers possessed  more  metallurgical  knowledge  than  we  gave 
them  credit  for.  Otherwise  he  presumed  those  rocks  would 
hardly  have  been  worked  for  such  a  purpose. 

Mr.  Spe>'CE  referring  to  Mr.  Aitken's  specimen  from 
Walsden,  said  that  it  was  possible  by  a  very  slow  method  of 
calcination,  to  drive  off  the  sulphur,  so  as  to  make  a  coarse 
species  of  cast  iron ;  although  at  the  present  day  no  one 
would  think  of  making  iron  from  pyrites — at  least  under 
ordinary  circumstances.  As  to  the  copper  found  at  Alderley, 
that  was  a  deposit  of  copper  and  various  other  metals,  but  in 
a  form  in  which  they  were  soluble.     It  was  evidently  the 
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debris  of  some  former  yeins,  where  the  metals  had  been 
mixed  up  and  deposited  along  with  the  sandstone.  The 
copper  was  in  small  grains  interspersed  through  the  body 
of  the  sandstone  in  a  state  of  carbonate.  The  rock  waa 
ground  down,  and  the  metal  extracted  with  hydrochloric 
acid.  The  mines  were  wrought  imtil  a  year  or  two  ago, 
until  the  low  price  of  copper  rendered  it  unprofitable. 


MICACEOUS    SANDSTONE    IN    THE    BOULDER 

CLAY. 


Mr.  W.  Spinks,  StudJnst.C.E.,  read  a  note  "  On  the 
discovery  of  a  block  of  Gray  Micaceous  Sandstone  in  the 
Boulder  clay,  at  Warrington." 


SHAP  GRANITE  IN  THE  BOULDER  CLAY,  IN 

LOWER  BROUGHTON. 


Mr.  Plant  exhibited  a  specimen,  which,  he  said,  in  some 
societies  might  excite  a  keen  controversy,  and  very  likely  be 
disputed  as  to  several  of  its  features.  It  was  held  by  some 
geologists  who  studied  the  Glacial  Drifts,  that  they 
were  able  to  trace  to  their  origin  a  very  large  number  of  the 
boulders  which  were  found  in  the  boulder  clay.  Amongst 
those  boulders,  the  presence  of  Shap  granite  in  this  district 
had  been  disputed,  it  being  maintained  that  this  peculiar 
granite  was  rarely  found  southward  of  Morecombe  Bay  from 
its  central  source  in  Westmorland.  Mr.  D.  Mackintosh  had 
spent  years  in  tracking  the  lines  of  deposit  of  granite 
boulders,  and  had  issued  a  map  from  which  it  would  appear 
that  the  glaciers  by  which  Shap  boulders  were  transported 
mainly  followed  a  North  and  North-Eastcrly  direction.  In 
the  better  drainage  of  Salford  there  had  been  made  deep 
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cuttings  through  the  boulder  clay,  and  amongst  the  hundreds 
of  boulders  which  he  had  preserved  for  the  Peel  Park 
Museum,  he  had  one  (which  he  now  exhibted)  that  he  had 
with  his  own  hands  taken  from  the  clay,  which  effectually 
settled  the  question  as  to  Shap  granite  having  travelled  into 
South  Lancashire.  The  specimen  was  found  in  the  true 
boulder  clay,  about  20  feet  below  the  surface  of  the  Irwell 
valley,  close  to  Broughton  Bridge.  In  order  to  be  quite 
satisfied  that  he  was  not  mistaken,  he  procured  a  piece  of 
polished  column  from  the  Shap  works,  in  Westmorland,  and 
it  so  happened  that  the  piece,  so  obtained,  might  have  been 
a  portion  of  the  boulder  which  he  exhibited  to  the  meeting, 
so  close  was  the  resemblance. 

Mr.  Dickinson  said  he  thought  Mr.  Plant  had  carried  the 
meeting  with  him.  There  was  not,  as  far  as  he  knew,  any 
reason  why  the  Shap  boulders  should  not  have  been  distri- 
buted over  this  part  of  Manchester.  In  the  neighbourhood 
of  Blackpool  many  specimens  of  haematite  from  the  TJlver- 
ston  district  were  to  be  found  in  the  drift,  and  why  might 
not  a  piece  of  Shap  granite  ? 

Mr.  Plant  said  that  haomatites  were  found  in  the  Salford 
cutting,  as  well — massive  pieces  weighing  12  or  14  lbs.,  but 
they  were  not  from  the  Ulverston  district.  They  came, 
he  believed,  out  of  the  coal  measures.  They  were  very 
fair  specimens  of  haematite  ore,  but  did  not  exhibit  the 
beautifid  characters  of  the  Ulverston  haematites. 

Mr.  AiTKEN  said  the  question  raised  by  Mr.  Plant  had 
occupied  the  attention  of  geologists,  including  Professor 
Phillips,  for  half  a  century,  and  no  definite  conclusion  had 
yet  been  arrived  at.  He  (Mr.  Aitken)  had  never  yet  suc- 
ceeded in  finding  a  piece  of  undoubted  Shap  granite  further 
south  than  a  mile  or  two  south  of  Preston :  that  piece  was 
discovered  in  company  with  Professor  Dawkins,  and  Mr. 
James  Eccles,  formerly  of  Blackburn,  now  of  London.     It 
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Mria  of  eome  former  Teixuiy  where  ,the  metals  had  been 
mixed  up  and  deposited  along  with  the  sandstona  The 
copper  was  in  small  grains  interspersed  through  the  body 
of  the  sandstone  in  a  state  of  carbonate.  The  rook  was 
ground  down,  and  the  metal  extracted  with  hydroohlorie 
acid.  The  mines  were  wrought  until  a  year  or  two  ago^ 
until  the  low  price  of  copper  rendered  it  unprofitable. 


MICACEOUS   SANDSTONE   IN   THE   BOULDEE 

CLAY. 


Mr.  W.  SpinkSi  Stud.Inst.C.E.y  read  a  note  ''On  the 
discovery  of  a  block  of  Gray  Micaceous  Sandstone  in  the 
Boulder  clay,  at  Warrington." 


SHAP  GRANITE  IN  THE  BOULDER  CLAY,  IN 

LOWER  BROUGHTON. 


Mr.  Plant  exhibited  a  specimen,  which,  he  said,  in  some 
societies  might  excite  a  keen  controversy,  and  very  likely  be 
disputed  as  to  several  of  its  features.  It  was  held  by  some 
geologists  who  studied  the  Glacial  Drifts,  that  they 
were  able  to  trace  to  their  origin  a  very  large  number  of  the 
boulders  which  were  found  in  the  boulder  clay.  Amongst 
those  boulders,  the  presence  of  Shap  granite  in  this  district 
had  been  disputed,  it  being  maintained  that  this  peculiar 
granite  was  rarely  foimd  southward  of  Morecombe  Bay  from 
its  central  source  in  Westmorland.  Mr.  D.  Mackintosh  had 
spent  years  in  tracking  the  lines  of  deposit  of  granite 
boulders,  and  Jiad  issued  a  map  from  which  it  would  appear 
that  the  glaciers  by  which  Shap  boulders  were  transported 
mainly  followed  a  North  and  North-Eastcrly  direction.  In 
the  better  drainage  of  Salford  there  had  been  made  deep 
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cuttings  through  the  boulder  clay,  and  amongst  the  hundreds 
of  boulders  which  he  had  preserved  for  the  Peel  Park 
Museum,  he  had  one  (which  he  now  exhibted)  that  he  had 
with  his  own  hands  taken  from  the  clay,  which  effectually 
settled  the  question  as  to  Shap  granite  having  travelled  into 
South  Lancashire.  The  specimen  was  found  in  the  true 
boulder  clay,  about  20  feet  below  the  surface  of  the  Irwell 
valley,  close  to  Broughton  Bridge.  In  order  to  be  quite 
satisfied  that  he  was  not  mistaken,  he  procured  a  piece  of 
polished  column  from  the  Shap  works,  in  Westmorland,  and 
it  so  happened  that  the  piece,  so  obtained,  might  have  been 
a  portion  of  the  boulder  which  he  exhibited  to  the  meeting, 
so  close  was  the  resemblance. 

Mr.  Dickinson  said  he  thought  Mr.  Plant  had  carried  the 
meeting  with  him.  There  was  not,  as  far  as  he  knew,  any 
reason  why  the  Shap  boulders  should  not  have  been  distri- 
buted over  this  part  of  Manchester.  In  the  neighbourhood 
of  Blackpool  many  specimens  of  haematite  from  the  TJlver- 
ston  district  were  to  be  found  in  the  drift,  and  why  might 
not  a  piece  of  Shap  granite  ? 

Mr.  Plant  said  that  haematites  were  found  in  the  Salford 
cutting,  as  well — massive  pieces  weighing  12  or  14  lbs.,  but 
they  were  not  from  the  Ulverston  district.  They  came, 
he  believed,  out  of  the  coal  measures.  They  were  very 
fair  specimens  of  haematite  ore,  but  did  not  exhibit  the 
beautiful  characters  of  the  Ulverston  haematites. 

Mr.  AiTKEN  said  the  question  raised  by  Mr.  Plant  had 
occupied  the  attention  of  geologists,  including  Professor 
Phillips,  for  half  a  century,  and  no  definite  conclusion  had 
yet  been  arrived  at.  He  (Mr.  Aitken)  had  never  yet  suc- 
ceeded in  finding  a  piece  of  undoubted  Shap  granite  further 
south  than  a  mile  or  two  south  of  Preston  :  that  piece  was 
discovered  in  company  with  Professor  Dawkins,  and  Mr. 
James  Eccles,  formerly  of  Blackburn,  now  of  London.     It 
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was  picked  up  from  a  heap  whioh  liad  been  obtained  from 
the  valley  of  the  Ribble.  Having  inspected  Mr.  Plant's 
specimen  he  was  fully  convinced  that  it  was  undoubted  Shap 
granite.  The  characters  were  so  dearly  marked  that  no 
one  who  had  visited  the  Shap  quarries,  as  he  had  on  several 
occasions  done,  and  seen  the  granite  in  various  conditions, 
could  have  the  slightest  doubt  about  it  He  should  not 
discuss  the  reasons  why  that  particular  granite  was  so 
seldom  found  south  of  Preston,  but  such  had  been  the  loot 
hitherto ;  *  consequently  Mr.  Plant's  discovery  was  of  some 
importance.  On  the  easterly  side  of  the  country  the  case 
was  different :  Shap  boulders  were  of  frequent  ocourrencei 
and  he  had  himself  seen,  10  or  12  miles  south  of  York,  some 
of  large  size.  They  had,  he  believed,  been  observed  further 
south  still. 

Mr.  Martin  asked  if  Mr.  Plant  expected  that  the  finding 
of  that  piece  of  Shdp  granite  would  decide  the  points  which 
had  been  so  long  and  so  warmly  discussed. 

Mr.  Plant  said  it  was  not  one  point  merely :  there  were 
several  others  that  were  contested,  and  the  non-occurrence 
of  Shap  granites  in  this  locality  had  been  one  of  the  strong 
points  in  arguing  all  those  questions.  Therefore  the  simple 
occurrence  of  this  undoubted  piece  of  Shap  granite  ought  to 
have  some  measure  of  importance  when  the  questions  were 
re-argued.  Shap  granite,  which  had  not  been  found  before 
near  Manchester,  was  found  now ;  therefore  that  point 
must  be  given  up ;  but  he  could  not  say  that  it  woidd  settle 
anything.* 


^  See  **  Results  of  a  SystemaCio  Survey,  &c.,  of  Erratic  Blocks  or  Boulders 
of  the  West  of  England  and  East  of  Wales,'*  by  D.  lilackintosh,  F.0.S.— 
Quart  Jour,  Oeo.  Soe.,  No.  139,  August  1879. 
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MANCHESTER    GEOLOGICAL    SOCIETY. 

Pakt  IX.  Vol  XV.  Sessiow  1878-9. 

An  Ordinary  Meeting  of  the  Members  of  the  Society 
was  held  on  Tuesday,  the  24th  June,  in  the  Literary 
and  Philosophical  Society's  Rooms,  George  Street,  Man- 
chester ; 

John  Aitken,  Esq.,  Vice-President, 
in  the  Chair. 


ROOTS  FOUND  AT  GREAT  DEPTHS. 


Mr.  Grimshaw  exhibited  some  roots,  of  the  nature  of 
which  he  said  he  had  no  information,  which  had  been 
discovered  in  a  lead  mine  near  Holywell,  in  the  joints  of  the 
limestone  rock,  at  a  depth  of  about  85  yards  from  the  sur- 
face. The  limestone  in  which  they  were  found  was  dark  in 
colour,  but  five  or  six  yards  above  it  there  was  a  light  colored 
band  containing  a  great  many  shells.  In  driving  the  place 
towards  the  vein,  or  lode,  in  ground  which  had  not  been 
previously  explored,  a  crevice  was  met  with  that  extended 
along  the  level  about  12  feet,  and  was,  in  its  widest  part, 
about  18  inches  deep  perpendicularly.  It  seemed  to  extend 
about  8  feet  beyond  the  level  on  one  side.  The  roots  were 
found  in  the  close  joints  of  the  limestone.  He  did  not  know 
whether  they  came  from  the  top  or  not,  but  the  surface  was 
covered  entirely  with  heather  and  grass — there  were  no 
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trees.  If  any  gentleman  could  throw  light  upon  tliis  sin- 
gular occurrence  he  should  be  glad.  Mr.  Grimshaw  also 
exhibited  some  clay,  evidently  deposited  by  water,  which 
was  found  in  the  crevice,  and  in  which  some  of  the  roots  were 
partially  embedded  in  short  lengths  beyond  the  joints.  The 
specimens  exhibited  afforded  an  idea  of  the  character  of 
the  rock. 

The  Chairman  asked  if  the  crevice  opened  to  the  surface, 
or  if  there  was  any  communication  P 

Mr.  Grimshaw  :  No ;  the  crevice  is  horizontal.  No 
swallow,  or  aperture  tending  in  the  direction  of  the  surface 
could  be  found. 

The  Chairman  said  that  a  thin  section  of  this  root  should 
be  submitted  to  microscopical  examination.  Such  an  in- 
stance of  vegetable  life  penetrating  to  great  depths  was 
remarkable,  and  he  could  not  account  for  it. 

Mr.  Grimshaw  said  that  the  miners — many  of  them  old 
men — assured  him  that  they  had  never  seen  anything  of  the 
sort  before. 

Mr.  Plant,  by  request,  sent  the  following  Memorandum 
on  the  specimens : — Through  my  arriving  late  I  was  not 
aware  that  Mr.  Grimshaw  had  shown  the  curious  vegetable 
productions  to  the  members,  until  the  meeting  was  over, 
when  I  examined  them.  Their  occurrence  at  any  depth  in 
a  shaft  or  in  a  deep  quarry  is  perfectly  natural  and  proper, 
for  these  *'  Hyphoraycetes ''  cannot  exist  with  light  and  air, 
so  are  found  flourishing  under  foundations  of  old  ruins, 
down  deep  pits  and  in  caverns,  and  even  between  the 
partings  of  strata  of  rocks  far  below  the  surface.  I  have 
seen  and  collected  them  from  such  situations  manv  times. 
They  have  the  appearance  of  dry,  flattened,  stringy  twigs, 
matted  and  entangled  in  an  irregular  way — in  fact,  most 
people  take  them  to  be  lost  fibrous  roots,  some  how  dissevered 
from   shrubs    growing   on    the   surface   above  ;    but   it   is 
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not  so.  These  twigs  are  true  independent  species  of  fungi, 
whose  nature  is  not  thoroughly  understood.  I  am  not 
.aware  that  they  have  been  recently  worked  upon  by  any 
competent  botanist.  In  the  last  edition  of  ''  Loudon's 
Encyclopedia  of  British  Plants,"  1866,  they  are  described  as 
belonging  to  a  small  group  of  such  like  anomalous  plants 
under  eight  genera  of  "  Byssacei,"  all  the  species  of  which 
are  composed  of  brown  opake  fibres,  mostly  growing  recum- 
bent and  forcing  their  way  between  crevices  in  rocks  and 
stones  in  dark  places,  often  very  deep  from  the  surface.  The 
species  brought  by  Mr.  Grimshaw  was  a  "  Rhizomorpha  " 
or  an  Ozonium — both  much  alike.  The  thallus  of  these  is 
composed  of  decumbent,  branched,  entangled  Aliments,  coria- 
ceous or  ligneous.  All  these  Hyphomycetes  are  propagated 
by  spores. 


ON  THE  USE  OF  POWDER  IN  MINES. 
By  Mr.  Richard  John  Barnes,  M.E. 


In  May  last  year  there  was  a  discussion  in  this  room  on 
"The  Lighting  of  Shots."  I  was  sorry  I  could  not  attend, 
as  it  is  a  very  important  subject.  The  use  of  powder  in 
mines  under  the  Coal  Mines  Act  of  1872  is,  I  consider,  also 
an  important  subject,  and  the  main  object  of  this  paper  is 
to  have  the  matter  well  considered  and  defined.  I  am  not 
sure  that  there  are  any  collieries  working  which,  under  the 
Act,  can  use  powder  in  the  daytime,  /.^.,  in  ordinary  working 
hours.  All,  or  nearly  all,  mines  give  off  firedamp,  and 
though  some  require  very  much  less  air  than  others,  yet 
when  "  straight  work"  is  in  progress  extensively  there  is  sure 
to  be  a  good  deal  of  "  blue  cap"  visible.  My  rule  for  years 
past  in  driving  "  straight"  work,  where  powder  has  been 
used,  has  been  to  allow  an  amount  of  air  of  1000  (average) 
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oubic  feet  per  miiuite  per  plaoe^  and  not  allow  the  air  to  go 
into  more  than  10  places  in  one  split*  I  have  known 
many  oases  where  3000  and  4000  per  plaoe  have  been  leqni-' 
SLtOi  and  I  have  seen  over  5000  oubio  feet  per  minute  foroed 
within  a  few  feet  of  the  &ce,  and  still  a  "blue  oap"  would 
show  in  the  cutting. 

It  is  not  unusual  for  a  split  of  air  trailing  its  long  itrand 
through  20, 30  or  more  places,  slightly  freshened  up  here  and 
there  on  its  way,  foul  before  reaching  seyeral  df  the  last^  yet 
no  ''blue  cap"  shows  either  in  cuttings  or  returns,  most 
likely  because  it  is  so  mixed  with  a  ''brown  cap.''  Which  then 
is  the  purest  air  for  either  place,  or  workmen  P  By  ''  the 
Act,''  a  thoroughly  well-yentilated  mine,  with  sufficient 
spUts  to  give  every  10  places  air  to  themselves,  cannot  use 
powder  in  the  day,  whilst  an  ill- ventilated  place  with  a  split 
to  every  30  places  may  do  as  its  owners  like,  and  poison 
everyone  working  there. 

And  now  comes  the  time  for  asking  what  is  meant  by  "  a 
panel/'  and  in  a  large  pit  how  far  does  the  finding  of  a  little 
gas  in  a  working  place  prevent  the  owners  from  using 
powder,  except  when  ordinary  workmen  are  out  of  it.  The 
importance  of  this  is  very  great,  and  in  my  opinion  worth 
discussion. 

Take  a  large  pit,  extending  2000  yards  each  way  from 
the  shaft.  Say  gas  is  found  in  extreme  levels  of  one  side, 
and  out  of  those  levels  there  is  a  district  to  the  rise,  which, 
to  a  certain  point,  has  its  intake  and  return  common  with 
the  level  district.  Have  the  whole  side  and  rise  workings 
to  be  prevented  from  using  powder  P  I  say  not.  I  say  a 
panel  is  a  separate  split  of  air  going  from,  and  leading  to, 
main  returns,  and  therefore  the  restriction  only  applies  to 
the  workings  in  the  one  split  of  air  wherein  gas  may  have 

*  Thus,  for  10  straight  places  I  would  have  a  split  of  10,000  cubio  feet 
per  minute,  and  loose  brattice. 
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been  seen.  Where  "pipe"  ventilation  is  used,  and  each 
working  place  has  its  own  split,  gas  found  in  one  such  place 
would  only  lay  that  one  place  off  from  the  use  of  powder 
(always  providing  there  was  no  quantity  of  gas  to  make  the 
pit  dangerous.) 

I  believe  many  mining  engineers  take  my  view  of  the 
reading  of  the  Act,  but  I  somehow  think  powder  has  been 
prohibited  in  places  rather  against  such  view,  and  I  would 
much  like  to  hear  some  deoided  opinion  about  this. 

At  the  collieries  (Birley),  of  which  I  am  in  charge,  in  one 
of  our  pits  raising  about  900  tons  per  day,  this  is  very  impor- 
tant, inasmuch  as  we  occasionally  find  a  little  gas  in  the 
goafs,  and  were  we  to  have  to  use  powder  at  night  only,  the 
mine  could  not  be  worked,  and  it  is  to  the  best  of  my 
thinking  very  safe.  The  system  I  have  named,  of  airing 
fiery  mines  and  using  powder  too,  I  have  never  yet  known 
to  fail,  nor,  in  many  thousands  of  straight  places  driven, 
have  I  known  the  slightest  accident  to  happen.  What 
the  result  has  been  of  places  aired  by  the  same  air 
going  through  14,  20,  or  more,  we  most  of  us  know.  I  have 
known  cases  of  blown  out  shots,  but  beyond  levelling 
the  brattice  of  the  place,  I  never  saw  anything  done  to  hurt 
adjacent  places.  To  stop  this  I  some  years  ago,  before  the 
Act  of  '72  came  in  force,  made  a  rule ;  I  would  never  allow 
any  shot  to  be  fired  without  the  fireman  had  previously 
seen  and  examined  the  drill-hole,  and  satisfied  himself  that 
such  hole  neither  was  in  the  roof,  nor  in  the  fast,  at  the 
side,  nor  drilled  beyond  the  holing.  This  rule  I  have  had 
carefully  carried  out,  I  may  say,  since  1870,  and  it  has  often 
been  a  matter  of  surprise  to  me  that  it  was  not  made  a 
*'  Government  Rule."  I  believe  it  to  be  most  important, 
and  if  the  air  be  at  all  loaded  (in  one  of  the  long  round 
splits  I  have  mentioned),  and  the  mine  at  all  dusty,  a  blown 
out  or  fast  shot  may   do  incalculable  harm.     From  my 
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experience  of  colliers  in  Lancasldre,  I  doubt  there  are  many 
collieries  where  this  simple  rule  is  neglected.  I  speak  con- 
fidently, because  so  many  colliers  said  "  it  was  never  done 
where  they  came  from/'  and  many  is  the  shot  that  has  not 
been  fired  because  the  collier  had  put  his  cartridge  in  and 
"  stemmed  "  against  orders  before  the  fiiremen  came.  I  do 
not  say  there  are  not  collieries  where  this  is  done,  but  simply 
there  are  a  good  many  where  it  is  not  done. 

One  great  reason  against  long  splits  is,  where  much  dust 
exists  on  the  road  and  in  working  places,  such  a  great 
danger  arises  from  a  blown  out  shot,  or  a  very  slight  ex- 
plosion of  gas  being  by  such  cause  augmented  into  a  heavy 
explosion.  Many  here  know  how  the  bodies  of  poor  fellows 
found  after  an  explosion  are  covered  with  dust,  which  often 
fills  eyes,  ears,  and  mouth.  Therefore,  the  more  dusty  the 
mine,  the  more  I  would  split  my  air,  (remembering  not  to 
get  such  splits  as  would  be  too  feeble  for  their  work.) 

These  remarks  may  hardly  bear  upon  the  points  I  wish 
you  to  consider,  but  I  make  them  before  advancing  an 
opinion  I  have,  and  which  may  be  new  to  some  of  you,  viz., 
I  consider  an  Inspector  of  Mines  ought  to  be  left  to  judge 
whether  a  mine  be  safe  for  powder,  which  judgment  would 
be  guided  by  his  knowledge  of  the  splits,  etc.,  and  of  the 
mine,  and  not  by  the  words  of  the  Act  with  regard  to  the 
"  blue  cap." 

I  believe,  with  plenty  of  air,  judiciously  used  (of  course 
this  means  good  power,  good  airways,  and  careful  overmen), 
powder  can  be  used  safely  in  any  mine  not  subject  to  out- 
bursts ;  that  to  prohibit  it  in  all  mines  because  it  mat/  have 
been  abused  in  some  would  be  imjust,  and  raise  grave  ques- 
tions as  to  abandoning  very  many  seams. 

If  the  questions  I  have  raised  are  considered  worth  dis- 
cussion I  shall  be  glad  to  hear  your  opinions  upon  them. 

It  is  a  matter  of  regret  to  me  that  I  cannot  attend  to  read 
this  myself,  but  circumstances  quite  prevent  me. 
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Mr.  HiGSON  said  that,  so  far  as  he  was  able  to  appreciate 
it,  the  paper  seemed  to  deal  more  particularly  with  the 
question  as  to  whether  it  was  the  duty  of  an  inspector  to 
determine  if  a  mine  were  safe  for  the  use  of  gunpowder  or 
otherwise.  It  seemed  to  him  that  it  would  throw  a  consi- 
derable  onus  upon  the  shoulders  of  any  inspector  who  had 
to  so  determine  whether  a  mine  was  safe  or  not,  and  probably 
the  inspector  might  not  like  to  have  that  onus  resting  upon 
him.  As  regarded  what  might  or  might  not  be  "  a  panel," 
he  did  not  think  anyone  was  very  clear  about  the  law ;  and, 
probably,  until  the  question  was  legally  settled  by  some 
trial  which  would  form  a  precedent  for  all  future  cases,  it 
would  remain  undetermined.  He  believed,  in  the  case  of  a 
mine  which  was  worked,  one  district  with  powder  and 
another  without,  that  it  was  absolutely  requisite  to  give 
official  notice  of  such  action,  and  no  doubt  the  legislature  had 
allowed  considerable  latitude  to  inspectors  in  determining 
what  was  really  a  panel.  He  believed  that  practically  what 
Mr.  Barnes  suggested  as  being  the  best  course  had  been,  up 
to  this  point,  in  the  hands  of  the  inspectors,  if  any  such  case 
had  presented  itself  to  them. 

Mr.  Grimshaw  said  that  he,  like  many  others,  had  been 
greatly  puzzled  to  decide  what  a  panel  really  was.  In  the 
old  time — say  in  John  Buddie's  time — they  might  take  the 
ideal  panel  as  being  a  level  course,  a  jig  driven  out  of  it, 
the  air  split  at  the  top,  and  returning  and  passing  over  a 
crossing  the  counter  level  for  one  sub-split,  returned 
directly  for  the  coimter  level  for  the  other.  But  the 
question  now,  it  seemed,  was  whether  a  separate  split 
meant  a  panel  or  not ;  whether  a  panel  needed  to  be 
distinctly  separated  from  another  panel,  or  whether  the 
roads  and  works  might  be  intermixed  and  simply  ventilated 
by  different  splits.  He  did  not  know  who  was  to  decide 
this  point ;  and  with  regard  to  Mr.  Higson's  observations,  he 
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certainly  thought,  if  he  were  in  an  inspector's  place,  he 
should  decidedly  object  to  have  the  onus  of  deciding  the 
question  which  was  raised  by  the  paper,  placed  upon  his 
shoulders. 

Mr.  HiGSON  described,  by  a  rough  drawing  on  the  black- 
board, his  definition  of  a  panel,  which,  in  so  many  words, 
required  that  the  intake  splits  be  made  in  the  immediate 
vicinity  of  the  shaft,  and  remain  separated  by  natural  strata 
until  they  reach  the  main  return  in  the  immediate  vicinity 
of  the  upcast  shaft.  Where  a  simple  over- casting  separated 
the  various  air-currents  in  any  mine,  he  should  not  think 
that  those  were  distinct  and  separate  panels,  although  they 
were,  or  might  be,  distinct  and  separate  splits  of  air. 
Where,  however,  they  got  the  living  coal  separating  the 
return  and  the  intake,  the  various  splits  of  air-currents  he 
should  say  might  properly  be  called  distinct  and  separate 
panels.  He  did  not  know  whether  that  was  the  generally 
recognized  acceptation  of  the  term. 

Mr.  Grimshaw  :  Supposing  you  are  working  on  the  level 
from  the  downcast  pit  A,  would  not  you  call  it  a  panel  if 
that  level  was  continued  ?  These  are  dip  workings  exclu- 
sively. 

Mr.  HiGSON  :  The  principle  may  be  carried  out  to  a  very 
considerable  extent  by  having  over-casts  and  under-casts 
where  the  thickness  is  more  than  10  yards,  if  you  choose  to 
indulge  in  that  luxury. 

Mr.  Grimshaw  :  But  suppose  the  air  is  split  and  goes 
down  the  brow  B,  and  a  certain  portion  goes  along  the  level 
and  ventilates  the  rise,  would  not  you  call  that  a  separate 
panel  equally  with  the  dip  panel  ? 

Mr.  HiGSON  :  No  ;  if  that  stopping  were  destroyed  there 
would  be  communication  between  the  two  air  currents. 

Mr.  Grimshaw  :  Would  you  work  in  the  rise  and  the  dip 
and  make  them  into  separate  panels  in  case  anything 
happened  ? 
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Mr.  HiosoN  :  It  might  be  possible.  But  I  remember  an 
instance  where  there  were  separate  panels,  and  where  the 
violence  of  an  explosion — in  spite  of  300  yards  of  solid  coal 
— passed  up  this  district,  and  across  the  pit,  and  went  down 
into  this  panel  (referring  to  the  diagram),  causing  great 
mischief. 

Mr.  Burrows  said  he  quite  agreed  with  what  the  previous 
speakers  had  said  as  to  the  impracticability  of  the  Govern- 
ment inspectors  deciding  in  any  way.  Many  times  one  could 
not  quite  make  up  one's  own  mind,  knowing  all  the  circum- 
stances of  the  case,  and  the  inspector — unless  he  spent  moat 
•  of  his  time  at  the  pit — woidd  be  in  a  still  worse  position. 
The  question  of  "  panels"  had  cropped  up  two  or  three  times 
in  his  experience,  and  he  thought  in  one  case  the  judgment 
of  the  inspector  and  his  (Mr.  Burrows's)  own  opinion  rather 
differed.  In  fact,  he  was  not  quite  sure  what  was  a  panel 
and  what  was  not.  The  deciding  of  what  constituted  the 
"blue  cap"  of  General  Rule  8  should,  bethought,  be  left  in 
a  great  measure  to  the  common  sense  of  those  who  knew  all 
the  circumstances  of  the  case.  They  could  not  dra\N  any 
hard  and  fast  line. 

Mr.  Grimshaw  said  that  he  had  been  brought  up  to  con- 
sider a  panel  a  portion  of  work  ventilated  by  a  split  from 
say  a  main  horse  road,  such  air  being  carried,  after  having 
passed  through  the  places  by  means  of  a  crossing  over  the 
main  horse  road,  into  a  return  air  course  running  parallel, 
or  approximately  parallel,  with  the  horse  road. 

Mr.  HiGSON  said  the  difficulty  lay  in  the  Mines'  Regida- 
tion  Act — not  what  they  individually  might  think  was  a 
panel — and  he  thought  the  question  had  better  be  left  with 
the  inspectors  of  mines,  as  they  were  the  source  from  whence 
mine  owners  and  managers  derived  all  their  knowledge  on 
sach  points. 
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OF  THE 

MANCHESTER  GEOLOGICAL  SOCIETY. 


Paet  X.  Vol.  XV.  Session  1879-80. 


ANNUAL    MEETING. 


The  Annual  Meeting  of  the  Members  of  the  Society 
was  held  on  Tuesday,  the  28th  day  of  October,  in  the 
Literary  and  Philosophical  Society's  Rooms,  George  Street, 
Manchester ; 

John  E.  Forbes,  Esq.,  F.G.8.,  President, 

in  the  Chair. 

Mr.  Thomas  Arrandale,  Bradford  Colliery,  Manchester; 
Mr.  James  Carter,  1,  Granville  Terrace,  Blackburn ;  Mr. 
Charles  William  Dixon,  Mining  Engineer,  19,  King  Street, 
Wigan ;  Mr.  Richard  Drinnan,  Colliery  Manager,  Outwood 
Colliery,  near  Manchester;  Mr.  Isaiah  Johnson,  Colliery 
Manager,  Unity  Brook  Colliery,  Kearsley;  Mr.  Herbert 
Phillips,  Digby  Collieries,  near  Nottingham ;  Mr.  Richard 
Unsworth,  Colliery  Manager,  Mesne  Lea  Colliery,  Worsley, 
were  elected  ordinary  members  of  the  Society. 


The  Report  of  the  Coimcil  and  the  Treasurer's  Balance 
Sheet  were  read  by  Mr.  J.  S.  Martin,  Honorary  Secretary. 
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REPORT  OF  THE  COUNCIL  FOR  1878-9. 

Your  Council  feel  much  pleasure  in  being  again  enabled 
to  report  favourably  as  to  the  position  of  the  Society,  and  to 
state  that  the  number  of  members  has  been  considerably 
increased  during  the  past  Session. 

One  honorary  and  31  ordinary  members  have  been  elected, 
while  the  loss  has  been  15,  viz. :  1  honorary,  1  life,  and  6 
ordinary  members  deceased,  and  7  ordinary  members 
resigned. 

The  total  number  now  enrolled  is  170,  viz. :  17  honorary, 
9  life,  and  144  ordinary  members. 

Nine  meetings  have  been  held,  and  considerable  interest 
has  been  shown  in  the  Society's  work. 

Interesting  and  important  papers  have  been  read  and 
discussed  at  the  meetings,  and  the  parts  of  the  Transactions 
appertaining  thereto  have  been  distributed  among  the  Mem- 
bers and  Societies  with  which  publications  are  exchanged. 
Several  Societies  which  have  for  vears  received  our  Trans- 
actions  without  sending  theirs  in  return  have,  on  application 
being  made  to  them,  forwarded  back  numbers  and  promised 
regular  exchange  in  future.  The  number  of  Societies 
exchanging  has  also  been  further  increased. 

Considerable  additions  have  been  made  to  the  Librarv, 
and  your  Council  has  pleasure  in  reporting  that  space  for  an 
additional  bookcase  has  been  obtained,  and  the  books  are 
now  so  arranged  as  to  be  available  for  the  use  of  members. 

Arrangements  liave  also  been  made  with  the  Council  of 
the  Literary  and  Philosophical  Society,  for  the  daily  use  of 
their  council-room  by  the  members  of  this  Society — subject  to 
the  convenience  of  their  own  members — for  reading  and 
consulting  the  books,  maps,  &c.,  contained  in  the  Geological 
Society's  Library. 
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Members  wishing  for  books  from  the  Library,  and  who 
are  imable  to  call  at  the  Society's  rooms,  can  obtain  them 
by  commimicating  with  the  Hon.  Secretaries.  The  expense 
of  ccuriage  to  and  fro,  as  well  as  the  risk,  being  undertaken 
by  the  members  applying. 

Your  Council  regard  with  pleasure  the  kindly  feeling 
exhibited  by  the  Coimcil  of  the  Literary  and  Philosophical 
Society  during  the  conduct  of  the  negociations. 

Your  Council  having  made  enquiry  of  the  Owens  College 
authorities,  have  received  a  reply  to  the  effect  that  it  is  only 
the  insufficiency  of  funds  at  their  disposal  which  prevents 
the  Museum  being  placed  in  a  proper  and  suitable  building, 
and  that  they  hope,  by  an  appeal  to  the  public  at  no  distant 
date,  to  be  placed  in  a  position  to  carry  out  their  engage- 
ment. 

The  funds  of  the  Society  continue  in  a  satisfactory 
state,  and,  as  will  be  seen  by  reference  to  the  balance 
sheet  submitted  herewith,  the  income  has  been  sufficient  to 
meet,  not  only  the  ordinary  current  expenses,  but  has 
enabled  your  Council  to  expend  about  £27  on  new  book- 
cases, and  to  reduce  the  balance  owing  to  the  Honorary 
Treasurer  to  the  extent  of  £9  12s.  8d.  The  £600  belonging 
to  the  Society,  which  has  for  some  years  been  invested 
in  the  4  per  cent.  Guaranteed  Stock  of  the  Birkenhead 
Bailway  in  the  names  of  Henry  Mere  Ormerod  and  Andrew 
Knowles,  it  will  be  seen  remains  untouched.  Both  the 
outstanding  liabilities  of  the  Society,  and  the  outstanding 
subscriptions,  are  small  in  amount. 

There  has  been  an  increased  demand  during  the  Session 
for  back  volumes,  as  well  as  for  separate  numbers  of  the 
Transactions;  and,  for  the  information  of  those  who  may 
be  desirous  of  completing  their  sets,  your  Council  has 
pleasure   in   stating   that   the   Secretaries,    if    applied    to, 
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will  supply  either  bound  Tolumes  or  single  parts  at  the 
published  prices,  if  in  stock. 

An  instructive  and  interesting  excursion  was  made  by 
a  large  number  of  the  members  of  the  Society  to  Garswood 
Colliery,  near  Wigan,  where,  by  the  kindness  of  Mr. 
William  Sracthurst,  they  were  enabled  to  witness  an  exten- 
sive series  of  experiments  with  safety-lamps  of  different 
coDstructions  in  an  explosive  mixture  of  carburetted  hydro- 
gen (CIIj),  which  was  obtained  directly,  by  means  of 
pipes,  from  the  Wigan  Nine  feet  mine. 

The  Society's  thanks  are  due  to  Mr.  Smethurst  for  the 
trouble  taken  to  ensure  the  object  of  the  excursion  being 
attained,  and  for  the  hospitable  manner  in  which  the 
members  taking  part  therein  were  entertained. 

It  was  intended  to  visit  a  well-defined  section  of  the 
coal  measures  during  the  same  excursion,  but  the  interest 
taken  in  the  experiments  prevented  the  visit.  It  is,  how- 
ever, to  be  lioped  that  at  some  future  time  it  may  be 
examined. 

Actention  is  again  called  to  the  necessity  of  each 
individual  member  assisting  in  the  work  of  the  Society, 
by  contributing  papers  and  taking  part  in  the  discussions. 

Your  Council  make  known,  with  feelings  of  sorrow, 
the  following  loss  during  the  Session  by  death  from  the 
roll  of  members : — Thomas  Sopwith,  M.A.,  F.R.S.,  F.G.S., 
Honorarv  ilember,  and  for  30  vcars  connected  with  the 
Society;  !Mr.  11.  W.  Litler,  Life  ^lember ;  and  Messrs. 
John  Ashworth,  W.  11.  Chadwick,  George  Hadfield,  James 
Smallshaw,  and  Richard  Smith  ;  also  Mr.  Richard  Radcliffe, 
whoso  decease  it  appears  occurred  in  1873. 
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THE    FOLLOWHrO    PAPEBS    AIO)    COHKUmCATIOIKI 

JUy&    BEEN    BBOUOHT    BEFORE    THE    OBDHTABT 

HEETINOS  SUBnra  THE  SESSION. 


1878. 

ITorember. 


1879. 
January. 


ITicoll^  Thomas  J.,  U.lQBtC.£. 

bouldez  day." 
Orimshaw,  W.  J.,  F.O.8., 


"Oypnnn  in  tiu 


Timbering  in  UinM." 
Sinking  of  Boifaoe  owin 


'  Benwrin  on  tJie  ChflMfl 


to  voiUng  of  Coal  Uine 
Black,  W.  J.,  F.B.C.8.E., 

Bank." 
Pennington,  Bo<&e,  F.O.8.,  "  On  a  Tooth  of  SUmm 

tre»  n'eWAuMM,  fonnd  at  tiio  entnmoe  to  the  Peak 

Carem,  Castlcton,  DeriiyBhire. 
Law,  Bobpit, ' '  On  Bones  of  Plciatooeine  Animolfl  fonnd 

in  a  brokcn-up  caTu  in  a  Quairy,  near  Matlock, 

Derliyshirc. 
DawkinB,    W.    Boyd,    F.R.S.,    "The    ilammoth    at 

JTorthwith." 

Dickinson,  Joseph,  F.G.S,,  In  Memory  of  Thomas 

Sopwith,  i[.A.,  F.It.S.,  F.G.8.,  Sonorary  Mtmb«r. 
Cook  Charles,  "  Coal  in  Allurial  Soil  at  Moston." 
Wild,  George,  "  On  Explosions  in  Mines."  I>iecnasion. 
Oarfortli,  W.  E.,  "  Blasting  by  means  of  Compreseed 

Air  in  Mines." 
Dc  Bance,  C.E.,  Assoc.  U.  Inst,  C.E.,  F.G.8.,  "  ITotca 

on  some  Triassic  Borings." 
Smctliurst,  William,  F.G.8.,  and  James  Asfavoith, 

Mining  Engineers,  "Sofoty  Lamps." 
Athcrton,  James,    "Notes  on  a  Recent  Boring  in 

Opcnshav,  near  Manchester,  with  remarks  on  tlie 

Monchostor  Coal-field,  and  the  district  to  the  East 

of  it." 
Brodbory  John,  "  Section  of  above  Boring." 
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April.  LiTesey,    Clegg,    "  Section  of    Strata    at    Bradford 

CoUieiy." 
Kinahan,  G.H.,  M.R.I. A.,    *' Diagram   of  the  Irish 

Palooozoic   Rocks,    showing  a    nearly    continuous 

sequence  from  the  Coal  Measures  to  the  Cambrian." 
May.  Aitken,  John,  **Onthe  occurrence  of  a  bed  of  Iron 

Pyrites  in  the  Millstone  grit  in  the  Walsden  Valley, 

near  to  the  remains  of  an  ancient  Bloomury." 
Spinks,  W.,   Stud.Inst.C.E.,  *'  Micaceous  Sandstone 

in  the  Boulder  clay." 
Plant,  John,  F.G.S.,  *'  Shap  granite  in  the  boulder 

clay  in  Lower  Broughton." 
June.  Grimshaw,  W.   J.,  F.G.S.   **  Roots  found  at  great 

depths." 
Barnes,  Richard  J.,  M.E.,  '*  On  the  use  of  Powder  in 

Mines." 
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The  Report  and  Balance  Sheet  were  unanimously  adopted,  and 
ordered  to  be  printed. 

The  following  gentlemen  were  then  proposed  and  seconded,  and 
declared  duly  elected  as  Officers  and  Members  of  the  Council  for 
the  ensuing  year  : — 

President  ; 

LORD  LINDSAY,  F.R.S.,  F.R.A.8. 

Vice-Presidents: 

Right  Uon.  The  EARL  OF  BRADFORD. 
Right  Hon.  The  EARL  OF  DERBY. 
Right  Hon.  The  EARL   OF  ELLESMERE. 
Siii  U.  J.  KAY-SHUTTLEWORTU,  Bakt.,  M.P. 


Ox -officio  Vice-Presidents: 

SiK  PHILIP  DE  IMALPAS  GREY-EGERTOX,  Bakt.,  M.P.,  F.R.S. 


JAMES  HEYWOOD,  F.R.S. 
G.  W.  OHMEKOI),  F.(;.S. 
E.  W.  JJINNKV,  F.K.S. 
JOSEPH  DICKINSON,  F.G.S. 
ANDREW  KNGWLES. 
G.  C.  GKEENWELL,  F.Ci.S. 


JOHN   AITKEN. 
JOHN   KNOWLES,  M.In^t.C.E. 
THOMAS    KNOWLES,  M.P. 
W.   BOYD   I)A\VKINS,  F.R.S. 
K.    CLIFFORD   SMITH,  F.G.S. 
JOHN   E.    FORBES,   F.G.S. 


Treasurer : 

HENRY   MERE   ORMEUOD,   F.G.S. 


Secretaries : 


JOSEPH   S.    MARTIN,  F.G.S. 


G.   C.   CJREENAVELL,  Junr. 


Other  Members  of  the  Council: 


Rev.  A.  CR(JFTON,  M.A. 
RALPH    FLETCHEJi,   Jink. 
JOHN    HUiSON,    F.(i.S. 
CHARLES  HAUI)^VICK. 
ROOKE  PENNINGTON,  F.G.S. 
J.    BESWICK    PERRIN,    F.K., 


j.  f.  seddon. 
w.  smethurst,  f.g.s. 
peter  spence,  f.c.s. 
a.  w.  waters,  f.gs. 
gp:orge  wild. 
11.  a.  woodavard. 


Q.C.P.,  F.L.S. 

A  uditors : 

EDWARD  PILKINGTON.       I        CLEGG  LIVESEY. 


21o 


NEW  ORDINARY  MEMBERS. 


AjBhworth,  James. 
Ashwoith,  Thomas. 
Atkinson,  Samuel  C. 
Atkinson,  W.  N. 
Baxter,  Henry. 
Bradford,  Rt.  Hon.  Earl  of. 
Brocklehurst,  Thomas. 
Burrows,  John  S. 
Clayton,  Abel. 

Ellesmere,  Rt.  Hon.  Earl  of.  ' 
Gh*eener,  W.  J. 
Greenwood,  John,  Jun. 
Gregson,  Edward. 
Hedley,  John  L. 
Holden,  Charles  H. 
Hollingworth,  George  H. 


Howell,  John. 
Jackson,  Charles  G. 
Lindsay,  Lord,  F.R.S. 
Longbotham,  Jonathan. 
Lupton,  Arnold,  F.G.S. 
Maiden,  Sampson. 
Nail,  Simon. 
Nelson,  William. 
Perrin,   J.  Beswick,  F.K., 

ac.p. 

Settle,  Miles. 
Stephens,  James  H. 
Statter,  W.  H. 
Walshaw,  John 
Warburton,  William. 
Wells,  Samuel  B. 


NEW   HONORARY    MEMBER. 


G.  H.  Kinahan,  M.R.I.A. 


MEMBERS    DECEASED. 


Ordinary  Members. 


Ashworth,  John. 
Chadwick,  W.  H. 
Hadfield,  George. 
Radcliffe,  Richard. 
Smallshaw,  James. 
Smith,  Richard. 
Litler,  H.  W.,  Life  Member. 
Sopwith,  Thomas,  M.A.,  F.R.S.,  F.G.S.,  Honorary  Member. 
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MEMBERS   BESIOKEB. 


Bangay,  Bicliard. 
Goodwin,  Goorge. 
Oreg,  R  P.,  F.G.S. 


[ifl,  JohxL 
Ogden,  Samuel 
Walton,  Jamea  F. 


wad,  John. 


PAST  PEESIDENTS  OF   THE  SOCIETY, 


Year  of 


1838-9-40 

1841-2-3 

1843-4-5 

1845-6-7 

1847-8-9 

1849-50-1 

1851-2-3 

1853-4-5 

1855-6-7 

1857-8-9 

1859-60-1 

1861-2-3 

1863-4-5 

1865-6-7 

1867-8-9 

1869-70-1 

1871-2-3 

1873-4 

1874-5 

1875-6 

1876-7 

1877-8 

1878-9 


Egerton,  The  Rt.  Hon.  Francis,  IC.P. 

Heywood,  James,  7.B.S.,  F.O.S. 

Egerton,  Sir  Philip  de  Malpas  Grex-,  Bart.,  JLB. 

Mosley,  Sir  Oswald,  Bart. 

Thicknesse,  Ealpb,  M.P.,  Wigan. 

Heywood,  James,  M.P.,  F.R.S. 

Black,  James,  M.D.,  F.G.S. 

Onnerod,  G.  W.,  M.A.,  F.G.S. 

Egerton,  Sir  Philip  de  Malpas  Grey-,  Bart.,  F.G.S. 

Binney,  E.  W.,  F.R.S.,  F.G.S. 

Kay-Shuttleworth,  Sir  J.  P.,  Bart.,  M.P. 

Dickinson,  Joseph,  F.G.S. 

Knowles,  Andrew. 

Binney,  E.  W.,  F.R.S.,  F.G.S. 

GreonweU,  G.  C,  F.G.S. 

Aitken,  John,  F.G.S. 

Knowles,  John,  M.Inst.C.E. 

Knowles,  Thomas,  M.P. 

Dawkins,  Professor  W.  Boyd,  F.R.S.,  F.G.S. 

Smith,  R.  Clifford,  F.G.S. 

Dawkins,  Professor  W.  Boyd,  F.R.S.,  F.G.S. 

Dickinson,  Joseph,  F.G.S. 

Forbes,  John  E.,  F.G.S. 
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LIST     OF     MEMBERS. 

NOVEMBEK,    1879. 


The  Names  of  Honoraxy  Members  are  printed  in  Italics. 
*  Members  who  have  compounded  for  the  Annual  Subscription. 


Tear  of 
Btoction. 


1877 
1874 
1863 
1862 
1879 
1877 
1865 
1878 
1878 
1877 
1878 
1878 

1866 
1876 
1875 
1879 
1858 

1877 
1862 
1838 

1867 
1878 

1878 


Adamson,  Daniel,  F.G.S.,  The  Towers,  Didsbury. 
AffosiiZf  Alexander^  Cambridge,  Massachussetts,  U.S.A. 
Aitken,  John,  Sandfield,  Urmston.     Ex- President, 
Alcock,  Thomas,  M.D.,  Oak  Field,  Ashton-on-Mersey. 
Arrandale,  John  Thomas,  Bradford  Colliery,  Manchester. 
Arthur,  David,  Baxenden  Collieries,  near  Accrington. 
Ashworth,  Edward,  Stagg  Hills,  "Waterfoot,  near  Manchester. 
Ashworth,  James,  56,  Upper  Duke  Street,  Southport. 
Ashworth,  Thomas,  40,  Lancaster  Avenue,  Manchester. 
Atherton,  James,  16,  Acresfield,  Bolton. 
Atkinson,  Samuel  C,  Stand  Lane  Colliery,  RadclifPe. 
Atkinson,  W.  K.,  H.  M.  Lispector  of  Mines,  Chilton  Moor, 
Fence  Houses,  Durham. 

Bamford,  J.  B.,  Mining  Engineer,  Rochdale. 

Barnes,  R.  J.,  Birley  Collieries,  near  Sheffield. 

Barrett,  W.  S.,  New  Hall,  41,  Old  Hall  Street,  Liverpool. 

Baxter,  Henry,  Tyldesley  Colliery,  Tyldesley. 

Bazley,  Sir  Thomas,  Bart.,  M.P.,  Eyford  Park,  Stow-on- 
the-Wold,  Gloucestershire. 

Beswick,  James,  Little  Hulton,  near  Bolton. 

Beswicke,  William,  Balgay  Terrace,  Rochdale. 

Binney,  E.  W.,  F.R.S.,  F.G.S.,  55,  Peter  Street,  Man- 
chester.    Ex'Preiident, 

Bolton,  H.  H.,  Newchurch,  near  Manchester. 

Bradford,  The  Right  Hon.  Earl  of,  Weston  Park,  near 
Shifnal. 

Brocklehurst,  Thomas,  Dean,  Bolton. 
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TmtoC 

BlooUon. 


1877 
1877 

1861 
1878 
1859 
1862 

1875 
1874 

1879 
1878 

1878 
1859 

1878 
1874 

1862 
1860 
1876 

1860 

1869 

1877 

1862 
1877 
1856 

1859 


Broeeky  Emeii  Vantbn,  124,  Buo  Toitc  Neuve,  BnuseUs. 
Brongniarty  Charles,  Museum  d'HiBtoine  Natorelle,  57,  Boe 

Cuvier,  Paris. 
Brooks,  Thomas,  Crawshaw  Hall,  Bawtenstoll. 
Burrows,  John  S.,  Atherton  Collieries,  near  Manchester. 
Bryham,  William,  Ince  Hall,  Wigan. 
*Buccleuch,  His  Grace  tlie  Duke  of,  Whitehall  Ghirdens, 

London,  8.W. 
Burrows,  Ahraham,  Atherton  Collieries,  near  Manchester. 
Byrom,  W.  A.,  F.G.S.,  31,  King  Street,  Wigon. 

Carter,  James,  1,  Granville  Terrace,  Blackburn. 
Clayton,  Abel,  11,  Chapel  Walks,  Manchester. 

Cooke,  Chnrles,  Moston  Colliery,  Failsworth. 

♦Coulthart,  John    Ross,    F.R.S.Lit.,    F.S.A.    Scot.,    Crof- 

House,  Ashton-under-Lyne. 
Cowbum,  Henry,  West  Lei{?h,  near  Manchester. 
Crofton,   Rev.  A.,   M.A.,  The  Parsonuge,  Reddish  Green^ 

Stockport. 
Cross,  John,  78,  Cross  Street,  ^ilanchester. 
Crowther,  Samuel,  Bradfonl  Estate  Offices,  Bolton. 
Cunliffe,  P.  G.,  The  Ehus,  Huudforth,  near  Maneliester. 

Darbishire,  R.  D.,  B.A.,  F.G.S.,  26.  George  Street,  Man- 
chester. 

Dawkins,  Profei^sor  W.  Boyd,  M.A.,  F.R.S.,  The  Owens 
Coll(»pe,  Muurhester.     Ex-President. 

De  Rance^  C.  E.,  F.G.S.,  Geologic^d  Survey,  Jerrayn  Street, 
London,  S.W. 

♦Derby,  The  Right  Hon.  the  Earl  of,  Knowsley. 

Deny,  Jos,  Sueyd  Colliery,  Burslem. 

Dickinson,  Joseph,  F.G.S.,  H.M.  Inspector  of  Mines, 
South  Bank,  Pendleton.     Ex- President, 

Diggle,  James,  West  Leigh  Collieries,  Leigh. 
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Bleetioii. 


1879 

1879 

1877 
1852 

1838 

1878 
1838 
1838 
1878 
1865 

1863 
1873 
1875 
1868 
1857 


1873 
1874 

1858 
1856 
1878 
1863 

1874 

1879 

1879 


Dixon,  Charles  William,  19,  King  Street,  Wigan. 
Drinnan,  Richard,  Outwood  Colliery,  near  Manchester. 

Edmondson,  Thomas,  Cliviger  Collieries,  near  Burnley. 
Egerton,  The  Hon.  Algernon,  M.P.,   Worsley  Hall,   near 

Manchester. 
•Egerton,  Sir  Philip  de  Malpas  Grey,  Bart.,  M.P.,  F.R.S., 

Oulton  Park,  Tarporley.     Ex- President. 
Ellesmere,  The  Right  Hon.  Earl  of,  Worsley. 
Embleton^  T,  W.,  The  Cedars,  Methley,  Leeds. 
Ennishellen^  Etirl  of^  F.R.S.,  Florence  Court,  Fermanagh. 
Evans,  T.  F.,  H.M.  Inspector  of  Mines,  Amlwch,  Anglesea. 
Evans,  Walter,  Longsight,  Oldham. 

Farrer,  James,  12,  Market  Street,  Bury. 
Fletcher,  Herbert,  The  Hollins,  Bolton. 
Fletcher,  Ralph,  jun.,  Atherton  Collieries,  near  Manchester. 
Fletcher,  Thomas,  Haulgh,  Bolton. 

Forbes,  John  Edward,  F.G.S.,  2,  Shrubland  View,  Hoole, 
Chester.     Ex-President, 

Ghirforth,  W.  E.,  Colliery  Offices,  Xonnanton. 

Geikief  Archibald,  LL.D.,  F.R.S.,  Geological  Sun-ey  Office, 

Edinburgh. 
Gerard,  Lonl,  of  Bryn,  Garswood,  near  Newton-le- Willows. 
Gilroy,  George,  M.I.C.E.,  Hindley  Hall,  Wigan. 
Greener,  W.  J.,  Pemberton  Colliery,  Wigan. 
Greenwell,  G.  C,  F.G.S.,   8,   Prior  Terrace,  Tynemouth. 

Ex-President, 
Greenwell,  G.  C,  junr.,  Poynton,  near  Stockport.    Hon. 

Secretary, 
Greenwood,  John,  junr.,  Ashton  Moss  Colliery,  Audenshaw, 

Manchester. 
Gregson,  Edward,  11,  Chapel  Street,  Preston. 
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Tew  of 
Electioa. 


1864 

1877 
1877 

1866 
1864 
1877 
1861 
1864 
1874 

1875 

1877 
1878 

1875 
1874 
1838 

1862 
1876 
1878 
1877 
1878 
1878 
1874 


1878 
1875 
1877 
1877 
1879 


GrimBhaw,  W.  J.,  F.G.S.,  Stand,  Whhefield,  near  Man- 
chester. 
Grundy,  H.  T.,  Radcliffe. 
Grundy,  Joseph,  Rudcliffe. 

Hall,  John,  Bolderstonc,' Walmersley. 

Hall,  Robert,  Hope  Foundry,  Bury. 

Handsley,  Robert,  Burnley  Colliery  Offices,  Burnley. 

Harbottle,  W.  H.,  Orrell  Colliery,  near  Wigan. 

Hardwick,  C,  72,  Talbot  Street,  Moss  Side,  Manchester. 

HawhitUy  B.  W.,  F.G.S.,  Century  Club,  East  15th  Stoet, 

New  York. 
Hawkshaw,  Sir  John,  Knight,  F.R.S.,  33,  Great  George 

Street,  Westminster,  S.W. 
Hayderij  F,  V.,  State  Goologist,  Washington,  U.S.A. 
Hcdley,  John  L.,   H.M.    Inspector    of    Mines,    Fairfield, 

LiTcq)Ool. 
Hctherington,  Joseph,  22,  Booth  Street,  Manchester. 
Hewlett,  W.  H.,  Wigan  Coal  and  Iron  Co.,  Wigan. 
♦Heywood,  James,  F.R.S.,  F.G.S.,  26,  Kensington  Palace* 

Gartlens,  London,  W.     Ex-President, 
Hcywood,  Oliver,  Clarcmont,  Pendleton. 
Higson,  John,  F.G.S.,  18,  Booth  Street,  Manchester. 
Holden,  Charles  H.,  Mawdcslcy  Street,  Bolton. 
Holding,  William,  Crossall  Colliery,  near  Nottingham. 
Hollingworth,  George  H.,  Hollinwood,  Manchester. 
Howell,  John,  Astley,  near  Manchester. 
Mully  Professor  JKdward,  M.A.,  F.R.S.,  6,  Raglan  Road, 
Dublin. 

Jackson,  Charles  G.,  Wigan. 

Jackson,  J.,  5,  Wood  Street,  Bolton. 

Jackson,  Lewis,  Rocher  Colliery,  Ashton-under-Lyne. 

Jobling,  John,  Barcroft  Hall,  Cliviger,  Burnley. 

Johnson,  Isaiah,  Unity  Brook  Colliery,  Kearsley. 
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Tear  of 


1874 

1844 

1879 
1856 
1859 
1877 
1858 


1858 
1879 

1862 
1877 
1878 
1877 
1879 
1861 

1878 
1873 

1876 
1838 
1874 
1878 
1878 
1875 

1864 

1874 
1838 


JohnBon,  J.  H.,  F.G.S.,   64,  Albert  Road,  Hesketh  Park, 

Southport. 
•Joule,  J.  P.,  L.L.D.,  F.R.S.,  12,  Wardle  Road,  Sale. 

KinahaHf  Q.  jBT.,  M.R.I.A.,  Ovoca,  Ireland. 
Knowles,  Andrew,  High  Bank,  Pcndlebury.     Ex-Preiident. 
Knowles,  John,  Westwood,  Pendlebury.     Ex-PreBident, 
Knowles,  Lees,  Westwood,  Pendlebury. 
Knowles,  Thomas,  M.P.,  Damhall  Hall,  Winsford,  Cheshire. 
Ex'Ptesidmt. 

Lancaster,  John,  F.G.8.,  Bilton  Grange,  Rugby. 

Lindsay,   Lord,  F.R.S.,  47,  Upper  Brook  Street,  London. 

Pruident. 
Livesey,  Clegg,  Woodley,  Stockport. 
Livesoy,  Thomas,  Hitherlow,  Romiley,  near  Stockport. 
Longbotham,  Jonathan,  Norloy  Colliery,  Wigan. 
Lord,  James,  Hill  House,  Rochdale. 
Lupton,  Arnold,  F.G.S.,  Crossgates,  near  Leeds. 
Lynde,  J.  G.,  F.G.S.,  Town  Hall,  Manchester. 

Maiden,  Sampson,  Bridgcwatcr  Villas,  Stockport. 

Martin,  Joseph  S.,  F.G.S.,  H.  M.  Inspector  of  Mines,  Park 

Villas,  Pre8t\i'ich.     Hon,  Secretary, 
Moore,  Alfred,  C.E.,  5,  Clarence  Street,  Manchester. 
Morton^  Charlei,  The  Grange,  Southport. 
Morton,  G.  H.,  F.G.S.,  122,  London  Road,  Liverpool. 
Nail,  Simon,  Newbold,  Rochdale. 
Nelson,  William,  Leigh,  near  Manchester. 
Nesbitt,    George,     China    Buildings,     St.    Ann's    Street, 

Manchester. 
Nuttall,  Thomas,  Colliery  Surveyor,  Bury. 

Ormerodj  G,  W,,  M.A.,  F.G.S.,  Woodway,  Teignmouth. 
Ormerod,  H.  M.,  F.G.S.,  5,  Clarence  Street,  Manchester. 
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1874     Owm,    Phffeuar   Richard^    D.C.L.,    F.R.S.,   ftc,   Britiah 
MuBenmy  London,  W.C. 

1862     Park,  James,  Fern  Hill,  Bury. 

1876  Peace,  Oeorge,  Monton  (^roye,  Eooles. 

1877  Peace,  Maskell  W.,  F.G.S.,  Wigan. 

1876  Penman,  J.  Hugh,  2,  Clarence  Bnildings,  Booth  Street^ 

Manchester. 

1877  Pennington,  Booke,  F.G.S.,  20,  Mawdaley  Street,  Bolton. 

1878  Perrin,  J.  Beswick,  F.K.,  Q.C.P.,  F.L.8.,  Leigh, 

near  Manchester. 

1879  Phillips,  Herbert,  Digby  Collieries,  near  Nottingham. 
1861     Pickup,  Peter,  F.G.S.,  Towneley  Colliery,  Burnley. 

1877     Pickup,   PettT  Wright,   Dunkenhalgh   Collieries,    Church, 

near  Aocrington. 
1873     Pilkington,  Alfred,  Clifton  Collieries,  near  Manchester. 

1873  Pilkington,  Edward,  Clifton  Collieries,  near  Manchester. 
1877     Place,  W.  H.,  Hoddleston  Collieries,  Darwen. 

1851     Plant,  John,  F.G.S.,  Royal  Museum,  Peel  Park,  Salford. 

1867     Radcliffe,  James,  Lord's  Field  Colliery,  Ashton-under-Lyne. 

1874  Ramsay,  Professor  A.  (7.,  LL.D.,  F.R.S.,  &c.,  15,  Cromwell 

Crescent,  South  Kensington,  S.W. 
1860     Ridyard,  John,  Walkdon,  Bolton. 

1877  Robins,  George,  Ashton,  near  Newton-le- Willows. 

1873     Seddon,  J.  F.,  Great  Harwood  Collieries,  Accrington. 
1866     Selby,  Atherton,  Mining  Engineer,  Leigh. 

1878  Settle,  Miles,  Snow  Hill,  Darcy  Lever,  near  Bolton. 

1877     Shuttleworth,  Sir  Ughtred  J.  Kay-,  Bart.,  M.P.,  Gawthorpe 

Hall,  Burnley. 
1 864     Smethurst,  William,  F.G.S.,  Garswood  Hall  Colliery,  Ashton, 

near  Wigan. 
1873     ♦Smith,    R.   Clifford,    F.G.S.,    Parkfield,    Swinton,    near 

Manchester.     Ex-President, 
1888     Smith,  G.  F.,  M.A.,  F.G.S.,  Grovehurst,  Tunbridge  WeUs. 


223 


of 
BlecUon. 


1866 
1862 

1859 
1878 
1878 

1877 

1873 

1876 
1858 

1876 
1879 

1877 

1877 

1862 

1862 

1879 

1879 

1874 

1878 

1877 

1877 

1865 

1867 

1877 

1860 

1876 

1876 

1877 


Sopwith,  Arthur,  F.G.S.,  Cannock  Chase  CollicricB,  "VValsall. 
Spence,  Peter,  F.C.S.,  Erlington  House,  Seymour  Grove, 

Old  Trafford. 
Statter,  Thomas,  Stand  Hall,  Bury. 
Statter,  William  H.,  Town  Hall,  Bury. 
Stephens,  James  Henry,  Leigh,  near  Manchester. 

Tomlinson,    Thomas,    3,    Bichmond    Terrace,    Whitehall, 

London,  8.W. 
Tonge,    James,    Woodbine    House,    Westhoughton,    near 

Bolton. 
Topping,  Walter,  Ashton,  near  Wigan. 
♦Trafford,  Sir  Humphrey  de,   Bart.,  Trafford  Park,  Man- 

Chester. 

Unsworth,  John,  Scot  Lane  Collieries,  near  Wigan. 
Unsworth,  Richard,  Mesne  Lea  Colliery,  Woi'sley. 

Waddington,  Henry,  Burnley  Collieries,  Burnley. 
Waddington,  John,  Burnley  Collieries,  Burnley. 
Wadham,  Edward,  Millwood,  Dalton-in-Fumess. 
♦Walsh,  Eli,  Over  Darwen. 

Walshaw,  John,  Astley  and  Tyldesley  Collieries,  Tyldesley. 
Warburton,  William,  IS'orbury  Colliery,  near  Stockpoit. 
Waters,  A.  W.,  F.G.S.,  Woodbrook,  Alderley  Edge. 
Wells,  Samuel  B.,  130,  Bradford  Street,  Haulgh,  Bolton. 
West,  T.  E.,  65,  Wemeth  Hall  Road,  Oldham. 
Wheeler,  Harold  George,  Cockeymoor  Colliery,  Radclitfe. 
Whipp,  Thomas,  Hawthorn  Villas,  Prestwich. 
Wild  George,  Bardsley  Collier}-,  Aslit(m-undcr-L}Tie. 
Wild,  Joseph,  25,  Long  Causeway,  Farnworth,  near  Bolton. 
Wild,  Samuel,  Dean  House,  Buersill,  Rochdale. 
Winstanley,  Robert,  Lancaster  Avenue,  Manchester. 
Woodward,  H.  A.,  Clifton,  near  Manchester. 

Yates,  T.  M.,  Park  Hall  Colliery,  Horwich  Junction,  near 
Bolton. 
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PRESENTATIONS   TO    THE    LIBRAItY,    1878-79. 


Barrow  Naturalists'  Field  Club.— Transactions.     Vol.  3.     1878-9. 
Belfast  Natural  History  and  Philosophical  Society. — ^Proceedings. 

1877-8.    Prom  the  Society. 
Birley,  Hugh,  M.P. — Eeports  of  the  Inspectors  of  Mines.     1878. 
Bristol  Naturalists' Society. — Proceedings.   Vol.2.   Parts.    1878-9. 
Chesterfield  and  Derbyshire  Institute  of  Engineers. — ^Transactions. 

Vols.  1,  2,  3,  4,  and  5.     From  the  Council. 
Cornwall  and  Devon. — ^Reports  and  Proceedings  of  the  Miners' 

Association.     1878. 
Cornwall. — Boyal  Institution  Journal.    Nos.  20  and  21.     1879. 
Edinburgh  Geological  Society. — ^Transactions.    Vol.  3.    Part  2. 
Geological  and  Polytechnic  Society  of  the  West  Biding  of  York- 
shire.— Proceedings.     Vol.    7.     Part  1.     1878.      From  the 

Society. 
Institution  of  Mechanical  Engineers. — Proceedings.     Nos.  1,  2,  3, 

and  4.     1879.     From  the  Council. 
Ireland. — Journal  of  the  Boyal  Ghjological  Society.    Vol.  5.     Parts 

1  and  2. 
Iron  and  Steel  Institute — Journal.     Part  2.     1878. 
Leeds  Philosophical  and  Literary   Society. — Report  for   1878-9. 

From  the  Council. 
Leicester  Litcniry  and  Philosophical  Society. — Transactions.    Part 

5.     1850  to  1855,  and  Report  for  1879.     From  the  Council. 
Liverpool  Geological  Society. — Proceedings.     Part  4.     Vol.  3,  and 

Part  1.    Vol.  4.     1878.     From  the  Society. 
London  Geological  Society. — Quarterly  Journal.     Nos.  137  to  139, 

and  Abstracts  of  Proceedings  for  the  Session  1 878-9.     From 

the  Society. 
London  Geologists'  Association. — Proceedings.     Nos.  1,  2,  and  3. 

Vol.  6.     1878-9.     From  the  Council. 
Midland  Institute  of  Engineers. — Transactions.     Parts  46  and  47. 

Vol.  6. 
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North  of  England  Institute  of  Engineers. — Transactions.     Pai*ts 

1-6.     Vol.  18.     From  the  Council. 
North  Staffordshire  Institute  of  Engineers. — Transactions.     Vols. 

1  and  3,  and  Parts  1-3.     Vol.  4.     From  the  Council. 
Oxford  University. — Supplementary  Catalogue  of  Books  on  Natural 

Science  added  to  the  Radcliffe  Libraiy,  in  1878.     Per  Dr.  H. 

M.  Ackland,  Librarian. 
Boyal  Institution  of  Great  Britain. — Proceedings.    Vol.  8.    Part  6. 

No.  69.     From  the  Council. 
Royal  Society. — Proceedings.     Vol.  16.     From  the  Council, 
Royal  Physical  Society. — Proceedings.    1876-8.   From  the  Council. 
South  Staffordshire  and  East  Worcestershire  Institute  of  Mining 

Engineers. — Transactions. 
South    Wales   Institute   of    Engineers. — Proceedings.      Vol.    11. 

Part  6.      1877-8.      From  the  Institute. 
The  Owens  College  Calendar.    Session  1879-80.    From  the  Council. 
West  of  Scotland  Mining  Institute. — Transactions.      Parts    1-6. 

1879.     From  the  Council. 
Wigan  Free  Library. — Index  Catalogue.     1878. 
Whitaker,  W. — ^Essay  on  the  Post  Tertiary  Deposits  of  Cambridge- 
shire, by  Jukes-Browne. 

Annual  Repobts,  fkom  the  Committees. 

Chester  Society  of  Natural  History.     1878-9. 
Devon  and  Exeter  Free  Library.     1878-9. 
Ihmdce  Free  Library.     1878. 
Leicester  Town  Museum.     1879. 
Warwickshire  Natural  History  Society.     1879. 
Wigan  Free  Library,  1878,  and  Index  Catalogue,  1878. 

America. 

Agassiz,  Alexander. — Museum  of  Comparative  Zoology,  Cambridge, 
U.S.A. 

Annual  Report  of  the  Curator,  1877-8. 
Bulletin.     Vol.  5.    Nos.  2-14. 

Vol.  5.     Terrestial    Air-breathing    MoUusks, 
with  plates.     July,  1878. 


VMjim,  r.  T.— Kbliocimph7  of  ITartli  Aaeriom  Ja.yvUbnl» 
Peleontologf. 

Fint  Annnal  Report  of  the  U.S.  Sntonulogieal  Commit 

rion.     1B77.    Bekting  to  tbe  Bodty  Mbnntein  LooniL 

Bnlletm  of  the  IT.S.  Oeol<«ioal  and  Oeogn^hioil  Svmj. 

Vol.  4.    Koa.  3  and  4.    TdL  6.    No.  1. 
Catalogue  of  Uie  Fablioalions  of  the  TJ.8.  GeologMtl  md 

Qeograpliioal  Bnrrey. 
Ananal  Beport,  187  . 
Sim  Fictans  of  Booky  Konnlam  Soeaaiy. 
BelwTii,  A.  B.'C.,  F.O.8.— Get^ogioal  Snirey  of  Oaiudft.— XMonb 

TonlB.    Vol.  1.    Parts  land  2. 
SmithBonian  Institataon,  TJ.S.A. — ^Annual  Beport  for  1877,    Van 

ths  Comunl. 
Ibanaaotiona  of   the   American  Institute  of  Kning  Sogaieen. 
Tmmibe  Coimcil. 

ArsTKAiJi. 
Beport  of  the  Free  Public  Library,  Sydney,  New  South  Wales. 
Beport  on  the  Construction  and  Working  of  Bailways  in  Kev 

South  Wales.     1876. 
Beport  of  the  Mining  Department  of  New  South  Walea.     1877. 
Mineral  StotiflticB.     Victoria.     1878. 
Beport  of  the  Chief  Inspector  of  Mines.    Victoria.     1878. 
Beporte  of    tho    Mining    Surveyors  and    Begistrara.      Victoria. 

October,  1878,  to  June,  1879. 

Cur&DA. 
Canadian  Joninal.    Vol.  1.     Part  1.    New  Seriea.     1879. 

FoB£iDtr. 
Dentache  Geologischo  QesellBchaft.     Index  of  Vols.  21   to  SO. 
Proceedings.    Vol.  30,  and  Parts  1  and  2.  Vol.  31.    From  the 
Society. 
Oeographiachen  OcseUschaft  in  Bern.     Jahrea  Bcrioht.     1878-9. 
Aoad^mie  Imperial  de  St.  PStersbourg.    M6moiree.    Til*  S^fie. 
Tome  26.    Nob.  S-9. 
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R.  AccadamicadeiLizLcei. — ^Transuntis.  Yol.  3.   Fasc.  1-7.  1878-9. 
Society  Toscana  di  Scienze  Natural!- Atti.    Vol.4.    Fasc.  1.    1879. 

From  the  Society. 
Soci6te  Vaudoiso  des   Sciences  Natiirelles.     Lausanne.     Bulletin. 

Vol.  16.     Nos.  81  and  82.     1879.     From  the  Society. 
Soci6te    D'Histoire    Naturelle.      Toulouse.     Bulletin    Treizieme 

Annee.     1879.     From  the  Society. 
Soci^t^  Geologique  du  Nord.     Lille.     Annales.     Tome  5.     1878. 

From  the  Society. 
Verein  fur  Erdkunde  zu  Metz.     Bericht.     1878. 
Naturwissenschaftlichen  Gesellschaft  Isis  in  Dresden. — Sitzungs- 

berichte.     Parts   7-12,    1878  ;    Parts  1-6,    1879.     From  the 

Society. 
Naturforschenden    Gresellschaft  zu    Leipzig.  —  Sitzungsberichte. 

Jahrgang  5.     Parts  1-9.     From  the  Society. 
Van  den  Broeck.     Sundry  Pamphlets. 

BOOKS  PURCHASED,  1878-9. 

Coal  Mines  Inspection  :    Its  History  and   Results.     R.   Nelson 

Boyd.     8vo.     1879. 
Grcological  Magazine,  1879. 
Palceontographical  Society.     Monograph.     Vol. 
Physical  Geology  and  Geography  of  Great  Britain.     A.  C.  Ramsay. 

d.  edition.     8vo.     187     . 
Zeitschrift  fiir,  das  Berg.     Hutten  und  Salinen-Wcsen.     Vol  27. 

1878.    With  Plates. 


IBS  IflU'UL'i'Knra  um  JmuaiAjji  m  tcom  a.  Con  n  on  Tm. 
I. — Evauis. 

Cmm{mi British  HueoiD. 

G«ok)gioal  Socie^. 
Geological  Surrey. 


Institate    td    ICeohmiiMl   '^^ffTi'i'^,    Tictoot 
SttMt,  8>  W. 

Iron  and  Sted  Inatitoto. 

Boyu  ^upntution. 

Boyal  BfMAeby. 
..  The  Owens  Collego. 

Literary  and  PhQoaophical  Society. 

Free  Library. 

Scientific  Students'  Association. 

Salford  Royal  Museum  and  Library. 

Bartuley ^fiilland  Institute  of  Mining  Engineeers. 

Birmitigiam. . . .  Frfc  Library  and  Uusenin. 

Brittol Niitufalists'  Society. 

Cambridge    Geologicol  STuseum,  University. 

TJmversity  Library. 
Chetterfitld  ....  Instituteo{HiuiQgEnginccn,ftc.(in1xinndTolB.) 
Cornwall Royal  Geological  Society,  Ponzonco. 

Royal  Inrtitution,  Truro. 

JhidUjf South    StsSordsbire   and   East    Woicestenhin 

Institute   of  Mining  Engineers. 

Exitar Albert  Memorial  Museum. 

L««d«    Geological  and  Polyteohme  Bociety. 

Philosophical  and  Literary  Society. 

L«ietitttr Literary  and  Philosophical  Society. 

Liverpool Geolopcal  Society. 

Free  Library  and  Museum. 
JRwiMM^/tf-on-T^fM  Institute  of  Mining  and  Mechanical  Engineen. 
Oxford Bodleian  Library. 

Radcliffe  Library. 
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South  Shields  . .  Public  Free  Library. 

Stoke-on-Drent . .   North   Staff onlshire    Institute    of    Mining  and 

Mechanical  Engineers. 

Swansea   South  Wales  Institute  of  Mining  and  Mechanical 

Engineers. 

Druro    Miners'  Association  of  Cornwall  and  Devon. 

Warwick Natural  History  Society. 

Watford Natural  History  Societ}'. 

Wigan , .  Free  Library. 

Mining  School. 

II. — Scotland. 

Dundee Free  Library  and  Museum. 

Edinburgh    Geological  Society. 
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MANCHESTER    GEOLOGICAL    SOCIETY. 


Pabt  XI.  Vol  XV.  Session  1879-80. 


At  the  Ordinary  Meeting  of  the  Members  of  the 
Society,  held  on  Tuesday,  the  25th  day  of  November,  in 
the  Literary  and  Philosophical  Society's  Rooms,  George 
Street,  Manchester ; 

John  Aitken,  Esq.,  Vice-President, 
in  the  Chair. 

Mr.  Thomas  Bums,  Plank  Lane  Colliery,  Westleigh, 
Leigh,  Lancashire ;  Mr.  William  Melling,  Mining  Engineer, 
Plank  Lane  Colliery,  Westleigh,  Leigh,  Lancashire ;  Mr. 
John  Sixsmith,  Colliery  Manager,  Snydale  Hall  Colliery, 
Chequerbent,  Bolton,  were  elected  ordinary  members  of  the 
Society. 


BFRN'S    PATENT    BRAKE. 


Mr.  Perrin  read  a  paper  on  the  above  subject,  setting 
forth — ^That  its  main  feature  is  the  short  block,  which  enables 
a  very  much  increased  leverage  and  consequently  pressure 
per  square  inch,  to  be  obtained  over  the  ordinary  strap 
brake ;  that  its  advantages  are  efficiency,  cheapness, 
simplicity,  and  capability  of  having  one  or  more  applied  to 


the   same    brake-flange,    thereby^   still    furtlieT   ii 


its  power    and    rendering    the  {reversing    of    the    engine 
unnecessary  whUat  banking. 


Mr.  Woodward  said  that  the  brake  which  had  been 
described,  offered,  it  seemed  to  him,  very  little  friction  as 
compared  with  the  double  clip  brake.  There  appeared 
to  be  greater  leverage,  and  the  mechanical  arrangement 
appeared  to  be  simple.  Still  he  did  not  think  they  would 
get  the  same  resistance  with  this  brake  that  they  got  with 
one  that  went  round  the  whole  circumference. 

Mr.  Nelson  said  that  the  brake  was  able  to  stop  the 
powerful  winding  engines  (36  inch  cylinders,  6  ft.  stroke* 
40  lbs.  steam  pressure,  and  16  ft.  drum)  in  full  operation, 
with  empty  cages  in  two  strokes  and  with  the  full  pressure 
of  steam  on,  at  the  Plank  Lane  Collierj-  with  which  he  is 
connected,  thereby  proving  it  to  be  a  powerful  one. 

Mr.  K.  Pii.KtSGTON  said  that  the  objection  to  it,  so  far 
as  he  could  see,  was  that  the  power  being  concentrated  upon  a 
very  small  area  of  the  drum  or  brake-flange,  it  would  be 
liable  to  strain  any  weak  point  or  necessitate  excessive 
strength. 

Mr.  Qeorge  Wild  said  that  he  had  always  been  taaght 
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to  beliere  that  a  double  cKp'  brake  was  the  most  effective 
for  stopping  an  engine  with,  either  suddenly  or  gradually. 
It  seemed  to  him  that  the  application  of  the  brake  which 
had  been  described  must  have  a  tendency  to  disturb  the 
fixings  more  than  a  double  clip  brake  would.  The  large 
wheel  enclosed  with  a  double  brake  strap  would  receive  the 
pressure  from  all  directions  and  would  not  press  unduly 
on  any  one  point.  The  friction  being  increased  per  square 
inch  on  the  short  block  might  be  equal  to  the  total  friction 
on  the  larger  brake,  but  he  thought  the  tendency  was  to 
disturb  the  fixings.  He  did  not  see  a  great  advantage  in 
the  new  brake,  though  not  practically  acquainted  with  it. 
He  thought  a  little  wet  or  grease  getting  between  the  short 
block  and  the  flange  would  more  readily  destroy  its  friction 
than  would  be  the  case  with  a  double  strap  brake. 

Mr.  HoLLiNGWORTH  did  not  see  that  there  was  any  likeli- 
hood of  any  wet  or  grease  getting  in,  as  suggested  by  the 
previous  speaker,  no  doubt  theoretically,  at  least,  there 
would  be  the  same  friction  as  when  the  block  was  longer. 
He  thought  the  principal  objection  was,  that  there  might 
be  some  tendency  to  disturb  the  drum  or  fixings. 

Mr.  Perrin  said  he  had  brought  the  subject  forward 
simply  because  he  had  seen  the  brake  at  work  and  con- 
sidered it  admirably  adapted  for  its  purpose.  The  objections 
seemed  to  resolve  themselves  into  a  question  of  **  ifs  "  and 
"  buts "  ;  "  it  might  do  this,"  or  "  it  might  do  that." 
There  could  be  no  chance  of  the  drum  or  flange  becoming 
greasy,  or  getting  smashed  with  the  pressure.  The  brake 
had  been  tested  for  three  years,  both  in  sinking  pits  and  in 
winding  shafts,  and  he  thought  that  ought  to  be  a  very 
good  argument  in  favour  of  the  efficacy  of  it.  It  is  simply 
absurd  to  suppose  that  an  homoeopathic  dose  of  pitch  pine 
can  disturb  the  bearings  or  fixings  of  a  winding  drum 
capabl  e  of  bearing  at  least  a  thirty  ton  strain. 


S84 


NOTES  ON  THE  GEOLOGY  OP  THE  SHAP 

DISTRICT. 

Bt  Rev.  A.  Crofton,  M.A. 


The  object  of  the  following  paper  is  to  endeavour  to  show 
that  a  part,  at  least,  of  the  accumulations  of  sand  and  stones 
lying  in  the  neighbourhood  of  Wasdale  Orag,  is  due  to  the 
action  of  glaciers. 

In  a  very  interesting  paper  by  Mr.  D.  Mackintosh  in  the 
Oeological  Magazine^  (No.  Ixxiv.  August,  1870,)  the  action 
of  coast  ice  is  brought  forward  to  account  for  the  wide 
dispersion  of  boulders  of  granite  from  Wasdale  Crag,  but 

the  few  notes  here  offered  will  not  interfere  with  the  con- 
clusions drawn  in  that  paper,  for  probably,  the  deposits 
under  consideration  are  the  result  of  causes  which  were  in 
operation  long  after  the  great  dispersion  of  Shap  granite 
boulders  over  Stainmoor  Pass. 

Be  this  as  it  may.  I  offer  the  following  notes  and 
diagrams  as  likely  to  be  of  some  interest,  not  because  they 
deal  with  any  new  discovery,  but  as  bringing  forward  what 
seem  to  me  to  be  well  marked  instances  of  glacial  action  in 
the  usual  sense  of  the  word,  taking  place  here  in  England, 
just  as  it  does  now  in  the  Alps,  and  supplementing,  perhaps, 
the  work  of  ice  floes  and  ocean  currents. 

In  no  part  of  the  Lake  district  are  there  more  evident 
marks  of  glacial  action  than  in  the  valley  just  above  the 
Shap  wells,  and  in  the  immediate  neighbourhood — ^heaps  of 
debris,  smoothed  surfaces  of  rock,  scratches  and  furrows — all 
remind  one  instinctively  of  an  Alpine  valley.  Amongst 
the  hills  at  the  head  of  the  dale  is  an  ancient  lake,  now 
drained  and  converted  into  a  turbary.  The  north  bank  of 
this  lake  is  formed  by  the  granite  flanks  of  'Wasdale  Crag, 
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on  whicli  lie  extensive  deposits  of  what  for  the  present  I  am 
inclined  to  call  ''moraine/'  full  of  fragments,  round,  sub- 
ang^ular,  or  cut  off  sharply  into  shapes  of  a  semicircular 
character.  The  fragments  are  of  all  sizes,  derived  mainly 
from  the  neighbouring  rocks — granite,  slate,  and  sandstone ; 
they  are,  many  of  them,  smoothed  on  one  side  only,  others 
appear  to  have  been  turned  over,  and  after  having  been 
ground  down  on  one  side,  to  have  presented  another  to  the 
wearing  action.  Drawings  of  several  of  these  accompany 
this  paper,  but  the  stones  themselves  have  been  thrown 
away.  I  had  at  one  time  a  considerable  number.  One  or 
two  of  them  are  cut  down  into  figures  resembling  those  of 
polished  gems,  and  seem  to  declare  plainly  that  they  have 
been  held,  as  in  a  vice,  by  the  lower  surface  of  a  glacier,  and 
ground  down  against  an  abrading  rock  surface,  as  gems  are 
"  facetted  "  by  a  jeweller. 

That  many  of  the  stones  should  be  rounded  as  if  by  the 
sea,  or  should  prove  to  be  strangers  to  the  district,  is  not 
astonishing,  for  there  evidently  were  considerable  deposits 
of  a  drift  character  before  the  Shap  glacier  came  into 
existence,  and  nothing  is  more  natural  than  that  the  moving 
ice  should  plough  out  many  of  these  accumulations  and 
mingle  their  contents  with  recent  and  sharply  angular 
fragments,  sometimes  taking  hold  of  them  and  grinding 
down,  on  one  side  at  least,  their  rounded  outline  to  a  plain 
surface.  The  heaps  of  gravel  and  sand  with  boulders  and 
a  coarse  kind  of  clay,  on  both  sides  of  the  peat  moss,  I  take 
to  be  the  remains  of  moraines,  the  north  and  south  laterals 
of  a  glacier  which  formed  the  bed  of  the  lake,  or  enlarged 
it  from  pre-existing  hollows.  The  northern  of  these 
moraines  rests  on  the  smoothed  surface  of  the  granite,  the 
southern  on  the  hard  splintery  altered  slates  of  the  Coniston 
series.  Just  below  the  eastern  or  lower  end  of  the  lake  is  a 
long  narrow  mound  of  moraine  standing  out  in  the  valley, 
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parallel  to  the  course  of  the  Waadale  beok  and  tolerably 
conspicuous  in  the  landscape,  either  in  the  uphill  or  down- 
hill view. 

Into  this  heap  the  stream  has  cut  considerably,  showing 
its  contents  to  be  similar  to  those  which  compose  the  northern 
moraine,  with  perhaps  a  smaller  number  of  g^ranite  frag- 
ments in  proportion  to  bulk,  which  may  easily  be  accounted 
for  by  its  being  the  imited  product  of  two  lateral  moraines 
only  one  of  which  contained  granite  fragments.  The 
accompanying  sketches  and  plans  will  perhaps  make  this 
clear.  The  tarn  above  appears  to  be  of  true  glacial  origin, 
having  been  scooped  out  by  the  ice  in  very  ancient  times 
and  gradually  filled  with  water  as  the  glacier  retired  before 
a  warmer  climate. 

The  action  of  the  stream  on  the  terminal  moraine, 
which  had  hitherto  dammed  up  the  water,  gradually  lowered 
the  barrier  (and  consequently  the  water-level  in  the  lake) 
until  only  a  shallow  swamp  was  left,  where  the  muddy 
sediment  of  the  former  lake  gave  place  to  mossy  bogs  and 
peat  deposits.  It  is  now  to  some  extent  drained  and 
across  it  run  the  posts  and  wires  of  the  telegraph. 

The  glacier  of  Wasdale  was  one  of  a  very  large  system  of 
ice  fields  which  can  be  traced  over  the  greater  part  of  North 
and  East  Lancashire  and  even  over  Stainmoor  to  Scarborough. 
It  is  easily  recognised  by  the  presence  of  boulders  of  a  par- 
ticular kind  of  granite,  known  as  Shap  granite,  in  which  the 
felspar  is  disposed  in  large  crystals  of  a  rhomboidal  form, 
often  an  inch  or  so  across.  A  large  fragment  of  Shap 
granite  roughly  resembles  a  piece  of  pudding  studded  with 
large  raisins,  and  is  not  soon  mistaken  for  any  other  variety, 
though  I  have  seen  specimens  in  Eskdale  and  the  Ravenglass 
district  which  approached  very  near  to  it.  In  some  places 
I  found  in  it  masses  of  a  round  shape,  consisting  of  mica 
and  quartz,  of  a  bluish  grey  tint,  containing  very   little 
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felspar.     Here  and  there  it  is  stained  with  iron,  8ometime9| 
again,  it  is  green  in  colour  or  full  of  yellow  ochreous  clay. 

The  granite  is  derived  altogether  from  the  Wasdale  Fell, 
on  the  north  of  the  tarn,  and  may  be  traced  in  large  boulders 
down  the  course  of  the  valley,  the  sides  of  which  are  thickly 
studded  with  them. 

There  are  some  quarries  for  granite  in  the  side  of  the  hiU, 
a  little  above  the  bridge  of  the  once  celebrated  "North 
Road,"  which  passes  at  the  foot  of  the  lake;  here  good 
sections  may  be  seen  and  specimens  obtained.  A  little 
further  down,  and  on  the  left  bank  of  the  beck,  are  some 
well-exposed  surfaces  of  smoothed  and  grooved  rock,  close 
to  the  side  of  the  road.  The  course  of  all  the  striae  on  these 
is  roughly  parallel  to  the  present  course  of  the  stream,  just 
as  we  should  expect  if  a  glacier  once  passed  down  the  valley. 

On  the  opposite  side  rise  hills  of  hard  black  altered  rocks 
and  flaggy  sandstones  of  the  Coniston  series.     Just  below 
the  crest  of  the  highest  point  is  an  old  stone  hut,  from 
which  an  extensive  view  is  obtained  of  the  course  of  the 
glacier.     Here  the  old  road  crosses  the  fells  on  its  course 
towards  Eendal,  having  left  the  "  North  Road,"  of  which  it 
was  the  predecessor,  at  a  point  a  little  below  the  bridge,  and 
crossed  the  beck  on  a  bridge  of  its  own,  of  which  the 
remains  are  still  to  be  seen.     At  the  point  where  these  roads 
diverge,  and  on  the  right  or  south  side  of  the  Wasdale  beck, 
we  perceive  clays  and  sands  lying  on  the  glaciated  surface 
of  the  Coniston  rocks,  and  distinctly  stratified.     On  the 
left  hand  side,  a  little  lower  down,  we  reach  the  sandstones 
of  the  Coniston  series,  where  they  join,  in  an  altered  state 
and  in  a  confused  manner,  the  great  mass  of  the  granite. 
Lower  down  still,  the  Coniston  rocks  cease,  and  give  place 
to  the  Old  Red  Sandstone,  at  a  place  where  the  beck  has 
formed  a  small  waterfall,  tumbling  over  the  hard  altered 
Coniston  rocks,  here  as  hard  as  clinkstone,  into  a  deep  pool 
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scooped  in  the  softer  sandstone.  The  red  rock  is  variegated 
with  greenish  sandstones  in  places,  and  is  also  found  in  the 
form  of  a  coarse  conglomerate,  and  in  intermediate  states 
between  a  coarse  grit  and  a  finely  grained  sandstone.  At 
Shap  Wells,  close  to  the  junction  of  the  Red  Sandstone  and 
the  Goniston  slates,  is  a  mineral  spring  containing  salines 
to  the  extent  of  about  47  grains  in  a  pint.  Below  the 
Wells,  the  sandy  and  shaley  beds  of  the  Carboniferous 
series  are  found.  The  most  accessible  quarries  are  near  the 
high  road,  close  to  the  toll-bar,  about  a  mile  from  Shap. 
Here  may  be  clearly  seen  the  deposits  of  grey  and  brown 
pinel,  mentioned  in  Mr.  Mackintosh's  paper,  which  contain 
many  fragments  of  Shap  fell  granite.  With  these,  however, 
I  am  not  at  present  concerned,  my  object  is  to  assert  the 
claim  of  an  ordinary  glacier,  acting  in  the  ordinary  way,  to 
the  honour  of  having  affected  the  phenomena  of  Wasdale 
Beck,  in  the  immediate  neighbourhood  of  the  Shap  granite 
deposit.  That  a  large  system  of  ice  floes  carried  away  and 
widely  dispersed,  what  a  very  limited  glacier  brought  down 
is  both  possible  and  probable ;  as  is  the  other  supposition,  to 
which  I  rather  incline,  that  when  the  days  of  submergence 
were  over,  the  Shap  glacier  resumed  its  ancient  work  for  a 
season,  and  threw  up  the  heaps  of  moraine,  now  visible,  in 
comparatively  recent  times. 


The  Chairman  (Mr.  Aitken)  said  he  had  been  much  pleased 
in  hearing  the  remarks  made  by  the  reverend  gentleman, 
for  thev  had  reference  to  a  district  which  he  himself  had 
visited  more  than  once,  and  had  been  interested  in  investi- 
gating the  phenomena  brought  before  them  by  Phillips,  Mack- 
intosh, and  many  other  observers.  He  noticed  that  in  the 
paper  the  red  rocks  were  described  as  old  red.  He  believed, 
however,  from  the  information  he  had,  that  the  whole  of  those 
red  rocks  in  that  part  of  the  country  had  been  removed  from 
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the  old  red  formation  with  which  they  were  formerly 
classed,  and  were  now  considered  of  lower  carboniferous  age. 
The  Coniston  rocks  were  very  interesting,  as  showing  the 
altered  condition  in  which  many  of  them  were  found. 
Some  of  them  were  brick-red  in  colour,  were  easily  fractured, 
and  showed  evident  signs  of  having  been  subject  to  very 
considerable  heat.  The  district  was  one  of  great  interest, 
and  had  led  many  geologists  to  examine  it  for  years  past. 

Mr.  Plant  remarked  that  there  was  no  room  for  criticism 
in  the  paper.  Mr.  Grofton  had  described  what  he  saw,  but 
did  not  advance  any  special  theory  thereon.  The  specimens 
produced  by  Mr.  Crofton  were  very  interesting,  and 
were  undoubtedly  moraine  pebbles.  He  remembered  a 
professor  saying  it  was  impossible  to  tell  one  from  a  glacial 
boulder,  but  he  did  not  agree  with  him.  He  had  not  the 
slightest  hesitation  in  accepting  those  before  him  as  having 
been  worked  out  in  the  manner  described  by  Mr.  Crofton. 
He  had  seen  many  such  in  Wales,  and  they  always 
exhibited  a  rough  character  on  the  one  side,  and  a  beautiful 
attempt  at  polishing  at  another  part  of  the  stone. 

Mr.  Brockbank  observed  that  Wasdale  Crag  was  of  special 
interest  to  Lancashire  geologists,  for  a  short  time  ago  it  was 
the  generally  received  opinion  that  all  the  boulders  we  had 
here  came  over  Shap  fells ;  and  in  1870  he  read  a  paper  before 
the  Philosophical  Society  of  Manchester,  which  Mr.  Crofton 
was  apparently  not  aware  of,  or  he  would  have  seen  that  he 
had  been  forestalled  in  a  good  deal  that  he  had  been  speaking 
about.  In  the  earlier  part  of  that  paper  he  traced  out  the 
origin,  as  far  as  he  could,  of  the  boulders  in  our  Lancashire 
drift,  and  in  the  concluding  paragraph  showed  that  they 
could  not  have  come  from  Shap  fells  at  all ;  that  there  were 
almost  insuperable  difficulties  in  the  way  of  the  belief  that 
any  masses  of  great  boulders  could  have  come  from  Shap 
and  be  scattered  over  the  plains  of  Lancashire.     The  para- 
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graph  was  as  follows : — ''  Dr.  Buckland  held  the  opinion 
that  the  granite  boulders  of  the  Shap  district  had  be^i 
carried  southwards  by  glaciers,   and    deposited    by  their 
agency  over  the  Midland  counties  ;  but  the  writer  was  not 
able  to  find  the  same  evidences  of  glacial  action  in  the  Shap 
fells   as  those   which   exist    in   West   Cumberland.      The 
granite  district  of  Shap  is  limited  to  an  area  of  some  800  to 
1000  acres,  comprising  Wasdale  Pike,  about  two  miles  above 
the  Shap  Wells  House.     Wasdale  Pike  is  not  an  isolated 
peak,  but  is  an  outlier  of  the  mountain  range  at  the  head  of 
Troutbeck,  of  which  Tarn  Crag  forms  the  central  summit. 
The  valley  below  the  Pike  and  thence  over  the  whole  of 
Shap  fells  has  a  most  remarkable  aspect,  from  the  large 
numbers  of  immense  rounded  masses  of  granite  which  are 
everywhere    scattered.       These   widely-dispersed    boulders 
cannot  altogether  be  accounted  for  by  the  agency  of  glaciers. 
The  summit  of  Wasdale  Pike  is  only  1853  feet  above  the 
sea,  and  the  valley  at  its  base  some  500  feet  lower,  and  the 
junction  of  Wasdale  Beck  with  the  Lune  at  Tebay  is  but 
700  feet  above  the  sea  ;  so  that  it  scarcely  appears  probable 
that  any  glacier  could  be  continuous  to  such  a  point  as 
woidd  admit  of  its  transporting  its  moraines  to  the  sea, 
where  they  could  be  carried  away  and  dispersed  by  drift  ice. 
Another  explanation  must  be  sought,  and  it  will  probably 
be  found  in  the  very  fact  of  the  occurrence  of  this  solitary 
peak  of  granite.     The  whole  district  abounds  in  intrusive 
veins  of  Whinstone  and  other  Plutonic  rocks,  crowned  by 
the  granite  peak  of  Wasdale  Pike,  which  has  evidently  been 
forced  up  through  the  slates  by  some  volcanic  force,  and 
this  might  produce  the  tremendous  effects  which  scattered 
these  blocks  far  and  wide.     The  denudations  here  have  been 
on  a  tremendous  scale,    and   possibly  carried   the   granite 
boulders  far  down  the  Lune  valley,  and  formed  the  moraine- 
like mounds,  referred  to  by  Dr.  Buckland,  near  Milnthorpe 
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and  Lancaflter,  at  which  points  possibly  drift  ice  became  the 
modifying  and  transporting  agent." 

The  Chairman  said  with  regard  to  finding  Shap  granite 
in  LanoaBhire,  that  some  years  ago  he,  in  company  with 
Professor  W.  B.  Dawkins  and  Mr.  James  Eccles,  picked  up 
a  pebble  of  this  rock  near  the  banks  of  the  river  Kibble,  a 
little  north  of  Preston ;  and  that  more  recently  he  had 
personally  collected  a  number  on  the  sea  shore  at  Hest  Bank. 
They  were  generally  small  and  might  be  termed  mere  peb- 
bles, and  he  had  some  in  his  collection  now,  so  that  they 
did  find  their  way  to  Lancashire.  If  Mr.  Brockbank 
confined  himself  to  large  masses  or  boulders  he  might  be 
right. 

Mr.  Brockbamk  :  Any  quantity  has  come  down  the  Lune. 

The  Chaikman  :  I  imderstood  you  to  say  that  none  had 
been  found  in  Lancashire. 

Mr.  Bkockbank  :  In  the  boulder  drift ;  in  elevated 
positions. 

Mr.  Grofton  reminded  the  meeting  that  he  had  stated  at 
the  outset  that  he  had  nothing  new  to  advance.  He  had 
simply,  at  the  Secretary's  request,  placed  together  the  notes 
of  his  visit  to  the  district  in  question. 


ON  INCRUSTATION  AND    DEPOSITS   IN   STEAM 

BOILERS. 

By  Mr.  W.  J.  Grimshaw,  F.G.S. 


The  following  notes  do  not  purport  to  be  a  comprehensive 
statement  of  the  nature  and  qualities  of  known  natural 
waters,  but  rather  an  account  of  the  action  of  a  few  of  them, 
on  the  internal  parts  of  steam  boilers.  Very  few  people 
who  have  had  steam  boilers  under  their  supervision  have 
been  fortunate  enough  to  escape  trouble  caused  by  the  feed 
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water,  and  more  especially  must  this  trouble  have  been 
experienced  by  those  in  charge  of  colliery  boilers,  which  it 
is  oftentimes  needful  to  feed  with  ''  mine "  or  mineralised 
water,  simply  because  no  unpolluted  supply  is  available. 
The  ''  mine  "  water  has  in  many  cases  been  so  troublesome, 
and  has  caused  so  much  direct  and  indirect  expense,  that 
the  use  of  water  supplied  by  some  town  or  district  water 
works  company,  notwithstanding  its  price,  has  often  resulted 
in  a  very  considerable  saving. 

All  known  natural  waters  hold  in  suspension  or  solution 
various  solid  matters.  Matter  held  in  suspension  may  be 
got  rid  of  by  adequate  means  of  filtration.  In  theory  this 
is  well  enough,  but .  in  practice  it  is  an  extremely  difficult 
undertaking.  Filters  are  combined  with  feed  water  heaters 
in  many  cases,  and  certainly  they  do  some  good,  although 
far  from  perfect.  Any  approximately  perfect  metiiod  of 
filtration  would  be  very  expensive  in  the  great  majority  of 
cases,  and  relatively  the  cost  would  be  altogether  dispropor- 
tionate to  the  work  required  to  be  done.  Purifying  the 
water  before  it  enters  the  boiler  being  practically  impossible, 
Mr.  Anthony  Scott,  so  long  ago  as  1827,  partially  reversed 
the  process,  and  filtered  the  water  after  it  had  entered  the 
boiler. 

This  he  effected  by  placing  in  various  portions  of  the 
boiler  travs  or  shelves,  which  acted  as  receivers  of  the  matters 
held  in  suspension.  In  these  trays  the  water  does  not  boil, 
and  the  greater  the  agitation  of  the  water  the  greater  pro- 
portionate quantity  of  sediment  settles  in  them.  These 
trays  were  eventually  made  self- cleansing,  without  inter- 
fering with  the  duty  of  the  boiler. 

Calcareous  incrustations  are  more  difiicult  to  deal  with 
than  sedimentary  deposits.  These  incrustations  vary  very 
much  in  their  constituents,  but  generally  contain  either 
carbonate  or  sulphate  of  lime  in  considerable  proportions. 
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Botli  these  substances  are  difficult  to  deal  with.  It  is  no 
use  trying  haphazard  remedies  on  the  chance  of  hitting 
upon  a  right  one,  for  the  same  process  which  acts  success- 
fully where  one  water  is  used  may  be  utterly  useless,  or 
even  positively  harmful,  where  a  seemingly  similar  water, 
perhaps  obtained  from  the  same  strata  or  measures,  is  used. 
The  safest  plan  is  to  have  the  water  analysed,  and  obtain 
instructions  from  the  analyst.  Sometimes  the  application 
of  the  remedial  agents  requires  such  delicacy  and  care, 
that  an  ordinary  workman  can  hardly  be  expected  to  attend 
to  it.  The  generally  adopted  means  of  dealing  with 
calcareous  incrustations  may  be  found  in  most  manuals 
referring  to  steam  boilers,  so  I  need  not  here  recapitulate 
them. 

Water  from  collieries  in  working,  or  that  have  been 
worked,  necessarily  flows  upon  the  floor  of  the  mine  or 
mines.  In  many  instances  it  makes  its  way  under  a  solid 
barrier  of  coal,  in  the  thill.  The  writer  has  known  a  case 
of  water  standing  against  a  barrier  of  300  yards  making  its 
appearance  in  the  thill  on  the  lower  side  thereof,  while  the 
coal  face  and  roof  seemed  perfectly  dry.  Water  that  has 
passed  over  or  through  thill  generally  deposits  a  fine 
sediment  that  does  not  cake  or  crystallize.  This  sediment 
naturally  rests  on  the  top  of  the  flues  and  the  bottom  of  the 
boiler.  It  is  a  good  non-conductor  of  heat,  and,  consequently, 
the  flues  get  red-hot  in  a  comparatively  short  time.  When 
the  boiler  is  blown  ofi",  all  the  inside  is  coated  with  it,  like 
whitewash,  and  it  has  to  be  swept  off  when  dry.  This 
substance  contains  silicate  of  magnesia  and  a  small  quantity 
of  lime,  and,  as  far  as  the  writer  is  aware,  nothing  is  known 
that  will  dissolve  it,  without  injuring  materially  the  iron  of 
the  boiler.  Nitric  acid  will  dissolve  it,  and  sulphuric  acid 
will  dissolve  it  very  slowly.  The  only  feasible  remedy 
seems  to  be,  a  change  of  water. 
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Water  coming  in  contact  with  iron  pyriteB  generally 
contains  a  proportion  of  sulphuric  acid.  The  best  defence 
against  this,  is  the  infusion  of  caustic  soda,  thus  forming 
sulphate  of  soda,  which  does  no  harm  ;  having  an  alkaline 
base.     All  soda  compounds  are  soluble  in  water. 

It  is  by  no  means  adWsable  to  use  hot  well  water  from 
condensing  engines  to  feed  boilers,  for  the  tallow,  &c.,  used 
for  the  engines  finds  its  way  there,  and  consequently  goes 
into  the  boilers.  If  there  be  lime  in  the  water  in  the 
boilers,  the  tallow  decomposes  and  forms  an  insoluble  lime 
"  soap."  This  ''  soap  "  is  as  sticky  as  birdlime,  and  coats 
the  bottoms  of  the  boilers  and  flues.  Being  a  good  non- 
conductor the  flues  soon  bum  through.  If  "  hot- well " 
water  is  used,  as  much  caustic  soda  ought  to  be  put  in  the 
boilers  as  would  suflice  to  take  up  the  quantity  of  tallow 
used  for  engines.  Tallow  is  composed  of  margaric  acid  and 
oleic  acid,  which  uniting  with  lime  form  margarate  of  lime. 

Acid  water  attacks  zinc  or  any  bright  metal  much  more 
readily  than  its  does  iron,  showing  that  some  saving  may  be 
affected  by  placing  zinc  plates  in  the  interior  of  the  boiler. 

Muriate  of  tin  is  manufactured  in  shallow  iron  pans, 
by  pouring  muriatic  acid  on  granulated  tin.  As  long  as 
there  is  an  excess  of  tin,  the  iron  is  comparatively  uninjured. 
Placing  zinc  plates  in  boilers  is  simply  following  up  this 
principle.  In  many  cases  in  Germany,  more  especially 
where  the  water  contains  lime,  these  plates  are  connected  by 
means  of  wires,  with  a  liunsen  or  Sand  battery.  The 
electrical  action  prevents  the  foreign  matter  contained  in 
the  water  from  caking>  and  throws  it  down  in  a  sediment 
which  is  got  rid  of  by  means  of  scumraers,  &c.  The  ten- 
dency of  galvanic  action  is  to  precipitate  insoluble  matter 
in  a  finely  divided  state.  The  writer  .is  not  aware  that  this 
method  is  adopted  in  this  country,  but  it  certainly  seems 
worth  a  trial,  the  needful  apparatus  being  comparatively 
nexpens  ive  and  the  attachment  easy. 
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"WaiuiB  obtained  from  the  same  source  differ  in  composi- 
at  different  times,  and  more  especially  is  this  the  case 
with  pit  waters,  raised  from  a  mine  or  mines  in  course  of 
working.  If  the  feed  water  is  obtained  from  old  workings, 
it  does  not  differ  much  in  quality,  being  as  a  rule  as  bad  as 
it  can  well  be. 

The  best  remedy  for  bad  feed  water,  is  to  obtain  better, 
and  though  the  cost  of  so  doing  may  appear  excessive  in 
many  cases,  it  generally  pays  veil  in  the  end.  The  writer 
is  strongly  of  opinion  that  many  people  have  no  adequate 
conception  of  the  saving  to  be  affected  by  using  good  feed 
waterj  or  where  good  is  not  obtainable,  the  best  that  can 
be  got. 


Mr.  Peter  Spence  said  that  for  several  years  he  had 
great  difficulty  in  his  efforts  to  prevent  the  incrustation 
inside  his  boilers,  but  after  making  several  experiments 
he  discovered  that  no  deposit  but  what  could  be  easily 
blown  or  swept  out  was  made  if  the  water  was  rendered 
sufficiently  alkaline.  His  boilers  are  fed  from  the  Rochdale 
canal,  and  the  water  in  the  boilers  is  tested  daily,  by  dipping 
a  piece  of  litmus  paper  in  some  which  is  drawn  off  from 
each  boiler  for  the  purpose,  and  if  not  alkaline  enough  he 
put  in  some  carbonate  of  soda  or  soda  ash.  The  result  was 
that  he  had  not  chipped  a  boiler  for  the  last  12  or  15  years. 
An  evil  that  had  in  some  cases  to  be  dreaded  was  the  water 
supply  being  impregnated  with  sulphuric  or  other  acid, 
which  corroded  the  boilers,  but  this  also  was  completely 
cured  by  using  soda  ash.  He  knew  that  impure  water  was 
a  troublesome  and  dangerous  thing,  but  he  believed  all 
waters  containing  sulphate  of  lime  would  be  cured  by  the 
remedy  he  had  suggested. 

Mr.  Dickinson  said  that  he  wished,  on  this  occasion,  to 
testify  to  the  great  advantages  which  the  boiler  insurance 
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and  izupeotion  oompanies  bad  oonf erred  on  the  ooninninifrf 
in  general,  by  the  knowledge  they  bad  imparted  in  regard 
to  the  working  of  steam  boilers. 

The  Chairman  said  he  would  like  to  aak  what  eflPect  peat 
water  had  upon  boilers. 

Mr.  Grimshaw  replied,  that  be  had  only  seen  it  tiaed  in 
one  case,  and  some  effect  was  produced,  but  he  had  not  bad 
sufficient  experience  with  this  class  of  water  to  give  an 
opinion. 

The  Chairman  said  that  the  boilers  under  bis  control 
were  supplied  with  water  strongly  impregnated  with  peat 
colouring  matter,  but  it  did  not  act  injuriously  upon  the 
boilers.  They  had  two  that  had  been  in  use  fourteen  or 
fifteen  years,  and  with  the .  exception  of  some  deposit^  the 
iron  seemed  almost  as  good  as  when  the  boilers  were  put  in, 
and  he  attributed  that  to  the  ^action  of  the  peat. 

Mr.  Spence  did  not  think  peat  water  would  make  any 
deposit.  liime  was  the  great  evil  that  had  to  be  contended 
with. 

The  Chairman  wished  to  know  if  peat  acted  as  a  preser- 
vative. 

Mr.  Spence  said  it  might  be,  but  when  the  water  was  in 
an  akalinc  condition  it  had  a  preserving  effect.  The  soda 
seemed  to  throw  down  the  lime  in  a  form  that  would  not 
coat  on  the  boilers.  It  lay  as  a  sludge  at  the  bottom,  and 
all  they  had  to  do,  was  to  take  a  broom  and  sweep  it  out- 
He  therefore  said  to  all  people  who  were  bothered  with 
their  boilers,  make  your  water  alkaline  and  blow  off  the 
sludge. 


TRANSACTIONS 
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MANCHESTER    GEOLOGICAL    SOCIETY. 

Past  XII.  Vol.  XV.  Smsiok  1879-80. 

At  the  Ordinaby  Meeting  of  the  Members  of  the  Society, 
held  on  Tuesday,  the  16th  day  of  December,  in  the  Literary 
and  Philosophical  Society's  Rooms,  George  Street,  Man- 
chester ; 

John  Aitken,  Esq.,  Vice-President, 
in  the  Chair. 

M.  Theophile  Ghiibal,  G-ovemment  School  of  Mines,  Mons, 
Belginm,  was  elected  an  honorary  member  of  the  Society. 
Mr.  Charles  Pilkington,  of  Haydock,  Ashton,  and  Edge  Green 
OoUieries,  St.  Helen's,  was  elected  an  ordinary  member. 


UPON  THE  ARRANGEMENT  OF  A  GEOLOGICAL 

MUSEUM. 
By  Rooke  Pennington,  F.G.S. 


The  importance  of  museums  is  becoming  recognised  by  the 
public.  Books  alone  cannot  teach  science  or  cultivate  a 
taste  for  art ;  whilst,  on  the  other  hand,  the  vast  majority  of 
students  have  neither  means  or  leisure  to  make  collections  of 
their  own  or  to  visit  those  of  private  individuals.  As  public 
libraries  are  necessary  for  the  popular  cultivation  of  literature, 
80  in  even  a  greater  degree  are  public  museums  necessary  for 
the  cultivation  of  science  and  art.  Confining  one's  attention 
td  that  branch  of  science  known  as  Geology,  the  help  of  a 
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museum  is  as  indispensable  as  pencil  or  brush  to  the  student 
of  painting.     He  to  whom  command  of  time  and  money 
gives  the  power  of  extended  travel  can  no  doubt  learn  much  ; 
but  even  then  he  can  only  gain  a  smattering  of  the  history 
of  ancient  life,  if  he  lacks  the  aid  of  a  well  arranged  series  of 
specimens,  and  as  the  value  of  these  specimens  depends  very 
largely  upon  the  manner  of  their  arrangement,  their  due 
order  is  well  worth  the  attention  of  all  who  are  interested 
in  extending  as  widely  as  possible  a  knowledge  of  science. 
It  is  a  matter  of  regret  that  it  should  be  absolutely  necessary 
in  science  to  employ  terms  which  are  not  easily  understood, 
and  which  frequently  require  considerable  attention  on  the 
part  of  the  student  before  he  realizes  their  exact  meaning. 
It  is  therefore  a  point  of  considerable  importance  a  point  to 
which  perhaps  sufficient  attention  has  not  been  so  far  directed, 
to  consider  the  best  means  of  grouping  the  various  specimens 
necessary  to  teach  the  science  of  geology,  and  at  the  same 
time  to  explain  the  names  by  which  amongst  those   versed 
in  science  they  are  known.     I  feel  considerable  diffidence  in 
submitting    any   definite    scheme   of   arrangement    to   the 
Society  as  I  have  no  claim  to  speak  with  authority.     I  con- 
fine myself  entirely  to  considering  the  arrangement  of  a 
geological  collection,  although  I  believe  that  many  of  the 
principles  which  will  ultimately  be  laid  down  will  be  found 
applicable  to  series  of  specimens  illustrating  other  sciences. 

Until  recently,  with  a  few  notable  exceptions,  local 
museums  were  ill-arranged  lumber  rooms.  Everything 
which  was  worthless  to  its  owner  and  had  the  smallest  claim 
to  be  considered  a  curiosity  was  presented  to  the  nearest 
collection.  Many  so-called  museums  have  not  yet  advanced 
beyond  this  point.  Within  the  last  few  weeks  I  have  seen 
gravely  recorded  in  local  newspapers  thanks  from  Town 
Council  Committees  to  the  donor  of  such  a  miscellaneous  lot 
of  rubbish  as  the  snout  of  a  sword-fish,  a  Chartist  medal,  a 


249 

large  goose-egg,  a  piece  of  stone  from  Temple  Bar,  a  sword 
used  at  Waterloo,  an  ammonite  from  the  coal  measures,  a 
fossil  cockle  from  ditto,  some  copper  coins,  and  a  bear's  paw. 
And  even  museums  under  the  control  of  managers  whose 
scientific  knowledge  is  sufficient  to  exonerate  them  from  all 
suspicion  of  being  mere  popularity  hunters,  and  who  Lave 
either  been  untrammelled  by  the  rules  of  Town  Councils  or 
have  had  sufficient  confidence  reposed  in  them  by  such  bodies 
as  to  make  them  practically  supreme,  have  still  contained 
valuable  series  of  objects  exhibited  rather  in  honour  of  the 
donors  than  in  elucidation  of  science.  Instead  of  distributing 
specimens  according  to  genus  or  stratum,  a  series  of  Silurian 
foflsflsy  Philippine  Island  shells,  and  Wedgwood  medallions 
will  be  found  exhibited  together  in  one  case  in  memory  of 
some  local  collector.  Interesting  as  a  record  of  industry 
and  observation,  such  a  set  is,  of  course,  useless  for  any 
valuable  purpose. 

Indeed,  the  Ourator  of  a  collection  worth  the  name  of  a 
museum  must  exercise  despotic  control  over  arrangements, 
and  must  ruthlessly  exclude  mere  curiosities.  There  are 
two  ways  of  doing  this,  but  if  he  exercises  his  prerogative 
with  tact  he  will  not  stop  the  flow  of  liberality,  and  at  the 
same  time  he  will  keep  out  rubbish.  Assuming  therefore 
that  a  system  must  be  adopted  and  adhered  to,  upon  what 
basis  shoidd  it  be  founded.  The  first  consideration  is  the 
sort  of  building  best  adapted  for  the  purpose.  Plenty  of 
wall  space  and  plenty  of  light  are  the  two  essentials,  and 
perhaps  the  nearer  you  can  approach  to  an  ordinary  weaving 
shed  the  better  building  for  museum  purposes  you  will  get. 
As  however  the  nature  of  the  building  must  vary  according 
to  circumstances,  it  would  not  be  of  much  advantage  to  en- 
deavour to  lay  down  a  general  principle  beyond  this — that  the 
ends  of  the  curator  should  predominate  over  the  aspirations 
of  the  architect. 
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Coming  to  the  immediate  sabject  of  tbe  paper,  I  hare  had 
in  view  a  principle  in  limiting  its  scope  to  the  arrangement 
of  a  scientific  collection.  It  is  true  that  here  and  there  there 
may  be  found  scientific  objects  more  or  less  doretailed  into 
excellent  series  of  art  illustrations.  Some  people  have 
entertained  a  delusive  hope  of  seeing  huge  collections  which 
might  illustrate  the  growth  of  modem  art  from  that  of  our 
mediaeval  ancestors,  the  development  of  their  art  from  the 
rude  beginnings  of  the  pre-historic  races,  that  by  the 
linking  of  these  long  forgotten  peoples  with  the  geological 
periods  which  preceded  them,  a  continuous  chain  represent- 
ing the  history  of  life  on  the  earth  might  be  presented 
to  the  admiring  student.  The  connection  between  an 
"Eozoon,"  if  ever  such  a  creature  existed,  and  a  picture  by 
Millais,  is  perhaps  somewhat  too  broken  to  be  of  much  service, 
nor  do  I  think  that  an  admirer  of  the  old  masters,  or  even 
a  student  of  hieroglyphics  would  reap  much  advantage  from 
a  knowledge  of  Triassic  marsupials  or  Silurian  Crustacea?. 
In  fact,  as  a  rule,  the  description  of  mind  which  is  best 
adapted  for  the  arrangement  of  art  specimens  does  not 
possess  that  mathematical  precision  which  shoidd  be  applied 
to  science,  and  even  where  a  curator  can  be  found  who 
happily  combines  the  two  powers,  he  will  be  liable  to 
antagonistic  directions  from  two  divisions  of  the  managino" 
body,  and  the  commencement  of  history,  roughly  speaking, 
marks  off  a  naturally  sharp  dividing  line  between  the  two 
series  of  objects.  Nowhere  have  we  as  yet  traced  a  home 
growth  from  barbarism  to  civilization.  Everywhere  at  a 
point  generally  about  co-incident  with  the  beginning  of 
history,  we  have  the  incoming  of  a  vastly  superior  social 
condition  brought  from  a  foreign  source.  Thus  the  villa  of 
Caruusius  is  in  no  way  a  development  from  the  hut-circles 
of  the  brave  men  who  lived  on  our  moorlands  before  Caesar. 
There  is  no  continuity.     The  wigwam  is  pure  British,  the 
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villa  is  entirely  Boman.  The  one  is  no  more  the  progenitor 
of  the  other  than  the  rifle  of  the  Maori  of  to-day  is  the  out- 
growth of  the  Patoo-Patoo  of  his  ancestor  who  witnessed  the 
landJTig  of  Captain  Cook.  It  seems  to  me,  therefore,  that  a 
geological  collection  should  end  with  illustrating  the  sub^ 
ordinate  science  of  pre-historic  archaeology.  It  should, 
however,  include  this  partly  in  regard  to  the  historical 
diyiding  line  I  have  above  mentioned,  and  partly  because 
the  articles  upon  which  archaeology  is  founded  are  largely 
obtained  from  deposits  which  are  regularly  classified  by  the 
geologist ;  from  those,  in  fact,  known  to  him  as  "  Recent." 
With  these  illustrations  of  the  latest  geological  deposits,  and 
as  admirably  illustrating  their  significance,  a  small  and 
characteristic  ethnological  series  might  be  advantageously 
combined.  It  is  from  the  savages  of  to-day  and  of  the  last 
century  that  we  have  learnt  with  a  considerable  approach  to 
certainty  what  was  the  social  condition  of  our  predecessors 
who  used  the  bronze  and  stone  implements  which  the 
geological  strata,  together  with  numerous  caves  and  burial 
mounds,  have  yielded  to  us.  The  main  principles  which 
should  guide  an  arrangement  should,  I  would  suggest,  be  as 
follows: — 

1.  Never  assimie  that  those  who  examine  the  collection 
understand  the  science  to  be  illustiated.  Those  who  do  will 
not  be  inconvenienced  by  eflbrts  to  explain  things  to  those 
who  do  not,  while  the  latter  will  be  greatly  assisted.  It  is, 
of  course,  impossible  to  teach  geology  by  the  mere  inspection 
of  a  collection,  however  elaborate  the  explanations  may  be. 
This  principle  must  therefore  be  modified  by  limiting  it  to 
the  elucidation  of  a  few  simple  points  which  may  lead  the 
visitor  to  enquire  further  into  the  matter  and  so  to  become  a 
real  student  of  the  science. 

2.  Arrange  the  collection  in  its  proper  geological  order, 
that  is,  let  each  group  of  fossils  be  arranged  both  strata- 
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graphically  and  according  to  kingdoms,  families,  genera^  and 
species. 

3.  Use  popular  names  wherever  possible,  as  well  as 
scientific  terms,  that  is,  whereyer  a  fossil  is  allied  to  a  living 
representative  possessing  a  popular  name,  let  that  popular 
name  with  any  necessary  qualifications  be  attached  to  the 
ordinary  scientific  name  of  the  fossil. 

4.  Use  every  fair  device  to  make  visitors  realize  the 
nature  of  the  thing — stony  remains  of  which  they  are  examin- 
ing, and  generally  strive  to  render  the  collection  popular. 
Without  sacrificing  accuracy  you  may  easily  preserve 
simplicity.  Do  not  err  on  the  side  of  severity,  the  object 
should  be  to  cater  for  the  multitude,  and  the  arts  of  catching 
the  attention  should  not  be  left  unused. 

Many  other  rules  subordinate  to  these  might  be  suggested. 
A  few  of  these  may,  I  think,  be  advantageously  indicated. 
Beginning  at  the  latest  period  which  the  collection  is 
intended  to  illustrate,  a  short  and  clear  explanation  of  the 
terms  "Bronze  Age*'  and  "Neolithic  Age"  should  be  attached 
to  each  case  of  specimens  contributed  to  this  period. 

Although  (unless  archoDologists  have  so  far  altogether 
miscalculated  the  relative  length  of  periods)  the  majority  of 
prehistoric  traces  in  England  belong  to  the  Neolithic  time, 
yet,  from  the  nature  of  the  evidence,  this  cannot  be  proved 
to  demonstration.  Have,  therefore,  some  Swiss  and  Danish 
specimens  to  mark  clearly  the  difierence  between  the  bronze 
and  stone  ages.  The  articles  from  each  cave  or  tumulus 
may  be  advantageously  grouped  together :  the  weapons 
of  the  ancient  savage  will  show  his  savagery;  his  orna- 
ments, his  pottery,  and  the  bones  of  the  creatures  he  ate 
will  show  the  advance  he  had  made,  whilst  a  reference  to 
the  cases  containing  PalaDolithic  relics  will  lead  the  student 
to  realize  the  enormous  difierence  between  the  two  epochs. 

Pencil  and  brush  should  be  freely  used  here,  a  restoration 
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of  a  Swiss  lake  dwellings  a  Danish  gallery  grave,  and  a 
drawing  of  a  stone  circle  will  greatly  help  the  visitor.  As  the 
majority  of  visitors  will  have  but  a  dim  notion  of  a  tumxdus 
or  grave-moundy  let  there  be  a  sketch  of  one^  with  a  section 
showing  interments  in  situ,  whilst  near  it  may  be  placed  a 
cinerary  urn  with  its  contents  carefully  arranged,  and,  close 
at  hand,  there  may  be  a  short  printed  description  or 
e3q)lanation.  One  such  urn  and  its  contents  so  arranged  and 
described  will  teach  more  than  fifty  labelled  in  the  ordinary 
way. 

Coming  to  the  Pleistocene  period,  it  may  be  found 
advantageous  to  interpose  between  the  Neolithic  period  and 
the  human  relics  of  this  earlier  epoch  a  series  of  the  animal 
remains  of  the  period.  In  my  collection  at  Castleton  I  have 
arranged  the  whole  of  the  bison,  bear,  and  reindeer  specimens, 
obtained  from  Windy  EnoU  (which  probably  represents  a 
rather  later  portion  of  the  Pleistocene  period),  and  also  the 
rhinoceros,  hysena,  mammoth,  bison,  horse,  bear,  and  lion 
remains  from  Cresswell  and  other  northern  localities,  in  a 
position  intermediate  between  the  remains  of  the  cave  men 
and  of  the  men  whose  implements  are  found  in  river  gravels 
and  those  of  the  later  prehistoric  peoples.  With  these  relics 
of  Pala3olithic  man  a  few  of  those  implements  of  the 
Palseolithic  type  which  have  been  obtained  from  recent 
savages  may  be  introduced  with  a  proper  description. 
Whether  the  supposed  identification  of  some  of  the  cave 
men  with  the  Esquimaux  is  anything  more  than  a  guess  is 
not  a  matter  for  present  discussion,  but  the  resemblance  of 
Pakeolithic  implements  and  drawings  to  those  of  the  Arctic 
people,  also  (strangely  enough)  to  certain  of  the  South  Sea 
Islanders,  will  serve  to  convey  vividly  to  the  mind  of  the 
visitor  the  incontestably  hiunan  origin  of  these  ancient 
weapons. 

Referring  for  a  moment,  again,  to  the  [(Neolithic  period,  I 
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have  noticed  that  many  people  who  were,  incredoloua  as  to 
the  artificial  character  of  many  flint  scn^rs  have  been  con- 
vinced on  this  point  by  being  ahown  such  an  implement^ 
quite  as  rude  in  its  fashioning  as  most  of  those  picked  up  on 
our  hills  and  downs,  which  had  been  obtained  from  one  of 
the  Swiss  lake  dwellings,  and  was  still  in  its  original  wooden 
hafting. 

With  respect  to  what  is  more  ordinarily  known  as  a 
geological  collection,  there  is  here  even  more  need  of 
ingenuity  in  order  to  make  the  student  realize  the  bearing 
of  the  specimens  upon  existing  types  of  life.  A  few  pen  and 
ink  sketchings  or  water  colour  drawings  showing  what  extinct 
creatures  probably  were  like,  will  be  found  a  great  assis- 
tance. These  may  be  easily  introduced  into  the  case  without 
occupying  very  much  space.  Restorations  of  a  mastodon,  a 
machairodus,  an  icthyosaurus,  a  pterodactyle,  an  apiocrinite 
will  serve  as  examples.  A  sketch  of  a  mammoth,  a  plaster 
figure  of  a  cheirotherium,  a  drawing  of  an  Irish  elk,  will 
teach  most  people  far  more  than  any  number  of 
Scsquipcdalia  verba.  Again,  wherever  it  is  possible, 
particularly  with  respect  to  the  mollusca,  a  recent  shell 
might  be  placed  in  the  case  side  by  side  with  the  fossil.  To 
take  one  or  two  familiar  examples,  he  who  sees  a  mactra  or 
a  tellina  or  a  turritella,  such  as  may  be  picked  up  on  British 
shores,  or  a  conus  or  a  volute  from  the  tndian  seas,  side  by 
side  with  a  Pleiocene  or  Eocene  fossil,  will  probably  realize 
far  more  clearly  that  the  fossil  was  originally  the  envelope 
of  a  living  creature  than  he  would  do  had  he  no  such  recent 
assistance  afforded  him.  This  assistance  need  not  be  limited 
to  tertiary  forms,  but  may  be  extended  by  ingenuity  almost 
to  the  earliest  strata.  An  Australian  trigonia  side  by  side 
with  an  oolitic  trigonia  is  an  instance.  Even  where  it  is 
difficult  or  impossible  to  supply  this  aid,  clearly  printed 
labels  should  be  freely  supplied,  either  describing  the  nature 
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of  the  ereatme  or  saggeBtmg,  if  not  actually  ezliibitmg» 
some  liying  analogue.    For  instance,  an  ordinary  visitor  will 
get  but  little  information  from  the  name  '*  beryx  "  attached 
to  a  specimen,  but  it  will  possess  a  new  interest  for  him  if 
lie  is  told  that  the  fossil  is  one  of  a  fish  not  unlike  a  perch. 
Let  him  know  that  a  hipparion  was  a  first  cousin  to  the 
horse,  that  a  spatangus  was  a  sea  urchin,  a  belemnite  the 
bony  interior  of  a  cuttle  fish,  and  so  on.     Throughout  the 
ooUection  the  student  should  be  reminded  that  there  were 
differences  of  temperature  and  conditions  of  life  over  the 
mr&oe  of  the  globe  in  former  geological  periods,  just  as  at 
present,  and  that  fossils  from  various  regions  may  be  the 
relica  of  contemporaneous  life,  although  widely  differing  one 
from  another.      For  example,  the  greater  warmth  of  the 
meiocene  period  as  compared  with  that  of  the  present  time 
in  Europe  may  be  noted,  and  the  names  of  the  various  genera 
of  trees  which  then  flourished  in  Switzerland  and  other  parts 
may  be  freely  translated,  in  order  that  the  visitor  may 
eompere  them  with  the  vegetation  of  warmer  climates  to- 
day.    Similarly,  the  meiocene,  carboniferous,  and  silurian 
fossils  discovered  in  the  polar  regions  may  be  brought  into 
prominence  for  the  purpose  of  fixing  in  the  memory  a  very 
important  fact,  which  even  able  geologists  are,  perhaps,  too 
prone  to  overlook  when  they  confine  their  attention  too 
stedfastly  to  one  limited  district.    No  space  will  be  taken  up, 
but  very  useful  lessons  may  be  taught  by  attaching  to  the 
tablets   upon   which    specimens    are  mounted    a   note  of 
their  range  in  time.      I  need  hardly  say  that  the  zoological 
order  of  the  fossil  belonging  to  various  formations  should  be 
indicated.     I  am  not  quite  certain  that  this  is  best  done  by 
different  coloured  tablets  or  by  labels  attached  to  each  group. 
I  rather  incline  to  the  latter  mode,  because  the  former 
implies  an  effort  of  the  memory  as  to  the  colour  denoting 
each^onily  which  I  think  it  is,  perhaps,  unwise  to  demand 
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from  the  average  visitor.  If  the  name  of  each  family  is 
placed  in  jnxta-position  with  the  group  of  fossils  belonging 
to  it,  no  great  amount  of  room  need  be  taken  up,  and  the 
indication  is  ever  present.  Similarly,  the  habitat  of  the 
creature,  that  is,  whether  it  is  a  marine,  freshwater,  or  land 
animal,  may  be  easily  denoted  by  a  small  slip  affixed  to  each 
specimen  or  its  tablet.  Here  and  there  short  accounts  of 
the  differences  between  allied  and  frequently  occurring 
forms  may  be  given  in  clear  terms ;  as  for  example,  the 
resemblances  and  distinctions  between  a  terebratula  and  a 
rhynchonella,  a  spirifer  and  a  produetus,  a  nautilus, 
ammonite,  goniatite,  and  belemnite. 

Casts  of  the  rarer  fossils  should  supplement  the  common 
species,  and  a  few  of  the  principal  stratified  rockd  may  be 
placed  near  their  appropriate  fossils. 

It  is  no  part  of  my  intention  to  discuss  the  best  sort  of 
cases  or  the  best  sort  of  tablets  in  which  to  arrange  speci- 
mens. I  have  rather  desired  to  call  attention  to  what  seems 
to  me,  broadly  speaking,  to  be  an  almost  neglected  art.  We 
have  in  the  country  numerous  admirable  curators  each  bent 
upon  an  exhibition  and  arrangement  of  the  specimens  under 
their  charge  in  the  best  possible  manner.  I  hopo  I  shall  not  be 
considered  to  have  been  in  anyway  wanting  in  deference  to 
those  who  have  had  so  much  more  experience  than  myself, 
but  it  does  seem  to  me  that  it  is  desirable,  in  the  first  place, 
that,  if  possible,  some  uniform  mode  of  arrangement  should 
be  decided  upon,  a  mode  at  any  rate  as  uniform  as  can  be 
according  to  the  varying  designs  of  teachers,  and  further,  that, 
in  any  case,  public  discussion  and  criticism  as  to  museums 
may  be  advantageously  applied.  I  venture  to  hope  that  the 
curators  of  the  various  museums  in  this  district  will  not 
consider  that  there  is  any  infraction  of  their  dignity  in 
listening  to  and  considering  what  students  most  desire  and 
want.     We  have  had  of  late  years  a  considerable  amount  of 
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pdblio  attention  direoted  to  the  best  mode  of  conducting  that 
eompanion  ol  a  mufleum,  the  Library.  The  main  object  of 
arranging  a  library  well  is  to  give  each  student  the  greatest 
facility  for  getting  the  book  he  wants  to  read.  When,  as  in 
a  musemDy  the  book  has  frequently  to  be  read  and  even 
interpreted  to  him,  its  conduct  becomes  a  matter  requiring 
even  greater  attention  than  the  grouping  of  the  volumes 
under  a  librarian's  charge. 


Profisssor  Boyd  Dawkins  said :  I  have  listened  with  very 
great  satisfaction  to  what  has  fallen  from  Mr.  Pennington's 
lips,  and  I  have  entire  sympathy  with  those  expressions  of 
soom  to  which  he  has  treated  us  with  regard  to  the  usual 
condition  of  museums  in  this  country.  I  quite  believe,  with 
him,  that  the  only  jcomplete  and  proper  museum  which  should 
be  is  of  that  kind  which  he  has  put  before  us  so  exceedingly 
well;  and  I  would  even  go  further  than  he  has  gone 
in  this  matter.  I  do  not  know  anything  more  likely 
to  jHTOve  that  we  are  behind  the  rest  of  the  world  in 
scientific  piursuits,  so  far  as  the  general  mass  of  the  people 
goes,  than  the  condition  of  the  museums  in  this  country  as 
compared  with  those  elsewhere.  The  museum  Mr.  Pennington 
has  sketched  to  us  is  to  a  very  large  exteut  a  pure  ideal,  so 
£ur  as  relates  to  this  coimtry.  As  far  as  I  know  it  has  only 
been  attempted  in  one  little  place,  Castleton,  and  it  has 
not  been  perfectly  realised  even  there.  It  is  absolutely 
impossible  for  any  one  individual  to  get  together  a  suffi- 
ciently large  collection  of  things  to  illustrate  the  whole 
history  of  nature.  In  this  country,  so  far  as  I  know, 
there  is  no  natural  histoiy  museum  which  gives  us  a  picture 
of  nature  even  in  outline.  If,  however,  I  go  to  places  such 
as  New  York,  I  do  find  a  certain  attempt  at  it.  If  I  go  to 
the  principal  cities  in  Europe  I  find  large  and  well-arranged 
museums,  and  to  a  very  considerable  extent  properly  labelled. 
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— although,  perhaps,  the  names  are  rather  too  long.  In  this 
country,  and  in  this  place — which  is  the  place  of  all  others 
where,  in  the  centre  of  wealth  and  commerce,  we  have  better 
opportunities  of  getting  together  materials  for  a  good  museum 
than  exist  elsewhere — ^we  have  not  a  single  museum  which  is 
worthy  of  the  name,  if  we  use  it  in  the  sense  in  which  Mr. 
Pennington  has  used  it  in  relation  to  his  ideaL  So 
much  for  the  condition  of  museums  at  the  present  time. 
With  regard  to  the  classification  he  has  pursued  I  entirely 
sympathise  with  it.  I  would  say  that  the  geological 
period  extends  down  to  the  present  moment — to  this 
very  time  in  which  we  are  assembled  in  this  room — and 
that  no  hard  and  fast  line  can  be  drawn  between  the  begin- 
ning of  the  Tertiary  period  and  that  period  in  which  we  are 
now  living.  Therefore,  I  feel  certain  in  a  geological  museum 
we  shall  have  to  bring  the  history  of  tilings  down  to  the 
present  time.  But  although  that  be  so,  of  course  it  is  per- 
fectly true  that  the  classification  of  pictures  and  works  of 
art — statues  and  so  on — cannot,  in  the  very  nature  of  things, 
have  any  position  in  a  inuseimi  which  is  founded  to  represent 
natural  history,  and  not  the  history  of  art.  Nature  is  one  thing 
and  art  is  another ;  and  although  they  do,  to  some  extent, 
interlace  and  overlap,  yet  you  must,  if  you  want  to  really 
teach  either  art  or  science,  keep  the  two  separate.  I  there- 
fore entirely  agree  with  what  has  fallen  from  my  friend  Mr. 
Pennington. 

Mr.  John  Plant  said  that  the  greatest  puzzle  to  his  mind 
was,  why  such  a  paper  as  that  of  Mr.  Pennington's  should 
have  been  read  to  this  Geological  and  Mining  Society,  which 
no  longer  had  control  of  a  museum.  The  paper,  however,  had 
been  read ;  and  if  he  had  not,  in  the  course  of  35  years' 
experience,  read  the  same  things  many  times,  he  might  have 
been  struck  by  the  novelty  that  it  presented.  As  it  was, 
he  was  used  to  this;  he  possessed  a  dozen  or  so  such  lectiwes 


250 

of  advice,  what  to  do  in  museum  arrangement.*  Thej 
contained  a  great  deal  more  theory  than  practice,  always  as 
it  were  criticising  or  censuring  somebody  or  other  for  not 
doing  some  thing  which  was  not  done,  or  for  doing  that  which 
was  done.  In  museums  the  best  thing  for  managers  was  to 
make  the  most  of  their  opportunities.  Those  opportunities 
they  could  not  create  without  funds,  and  they  knew  that 
large  museiuns — ;say  the  Jermyn  Street  Musemn — had  to  be 
curtailed  in  what  its  directors  would  consider  to  be  a  moderate 
limit  of  their  own  ideal,  by  Parliament  refusing  to  grant 
them  lavish  funds;  He  did  not  know  any  institution,  whether 
governmental  or  municipal,  or  belonging  to  educational 
foundations  like  The  Owens  College,  or  private  museums 
like  the  one  at  Castleton,  which  were  not  limited  by  want 
of  money,  and  prevented  from  doing  much  which  they  would 
like  to  see  done.  As  to  our  English  museums,  which  were 
said  by  Prof.  Dawkins  to  be  so  deficient  in  inteiest,  he  could 
only  say  that  they  were  visited  by  intelligent  foreigners, 
and — so  fiur  as  .his  own  experience  went — he  had  never 
listened  to  words  of  detraction  from  the  lips  of  such  visitors  ; 
on  the  contrary  he  was  proud  to  say  that  official  opinions 
had  been  printed  abroad,  showing  that  they  c<jpld  not  do  better 
than  copy  the  admirable  museums  and  institutions  which 
existed  in  Great  Britain.  He  did  not  deny  that  certain  munici- 
palities in  France  and  Germany  possessed  museiuns  largely 
aided  by  their  Governments;  he  could  say,  as  far  as  this 
country  was  concerned  that  opportunities  were  not  lost,  to  the 
extent  of  the  means  afforded,  of  acquiring  objects  of  interest 
and  value ;  we  could  not  expect,  in  Manchester,  ever  to  possess 


^  1.  Forbes,  Professor  E. :  On  the  Educational  Uses  of  Museums;  pp.  19; 
1S58;  printed  hj  the  Board  of  Trade.  2.  Wallace,  Alfred,  FJt.G.S.:  On 
MaseumB  for  the  People;  Macmillan;  1869.  3.  Solly,  £d.:  Museums,  their 
Nature  and  Uses;  pp.  16;  1853.  4.  Charlesworth,  E.,  F.G.S. :  On  the 
Arrangement  of  Museimis,  applied  to  the  Derby  Museum ;  a  pamphlet ;  and 
others. 
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a  fine  series  of  Ihe  fossils  which  belong  to  the  fomtli 
the  north  east  of  Great  Britain,  bat  we  oonid  at  least 
expect,  and  did  in  fact  realize,  the  collection  and  preservation 
of  objects  which  were  local  and  more  directly  interesting  to 
ourselves.  In  no  other  museum  in  Great  Britain  would  they 
find  so  large  a  number  of  the  fossils  of  the  coal  measures  or 
of  the  Palaeozoic  period  as  were  to  be  seen  in  the  Manchester, 
Liverpool,  and  other  northern  museums.  .  As  to  Mr.  Pen- 
nington's views,  it  is  right  that  everyone  should  exercise  his 
own  notions  about  the  arrangement  of  a  museum.  If  he  had 
the  time  or  could  spend  the  money  to  carry  out  his  hobby  it 
was  perfectly  right  he  should  do  so,  but  if  he  thought  that 
he  could  impress  any  body  of  men  like  a  cpmmittee  of  a 
Town  Council  with  any  crotchet  which  he  or  anybody  else 
possessed,  he  was  much  mistaken.  Town  Councils  asserted 
independent  authority  over  tlie  management  of  their  own 
museums,  and  we  must  credit  them  with  a  desire  to  do  the 
best  for  the  institutions  under  their  charge.  But  to  offer 
advice  to  committees  which  they  never  asked,  to  tell  them 
that  everything  done  was  inferior  to  something  done  else- 
where, would  be  a  very  wrong  way  of  bringing  about  any 
reform  or  imprcwement  in  their  museums  or  libraries. 

Mr.  Martin  (Hon.  Sec.)  said  he  certainly  could  not  agree 
with  Mr.  Plant  that  the  paper  was  out  of  place  before  this 
Society.  He  thought  it  would  interest  a  majority  of  the 
members. 

Mr.  Pennington  said,  with  respect  to  liis  paper  coming 
within  the  scope  of  that  Society's  operations,  he  could  not 
conceive  any  better  subject  to  be  placed  before  a  Geological 
Society  than  a  spread  of  the  knowledge  of  geology,  and  that 
could  only  be  done  by  the  proper  arrangement  and  popularising 
of  museums.  As  to  the  novelty  of  his  views,  he  was  not 
prepared  to  enter  into  any  contest  with  Mr.  Plant.  He  was 
not  aware  of  those  numerous  works  to  which  Mr.  Plant  had 
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referred;  he  would  have  been  only  too  glad  to  have  been 
acquainted  with  them,  but  must  confess  his  ignorance. 
Certain  he  was,  however  antiquated  those  views  might  be, 
they  had  not  produced  any  reform  of  museums  in  this  country, 
such  as  might  have  been  expected  if  expoimded  by  eminent 
men  ao  many  years  ago.  He  must  disclaim  the  slightest 
intention  of  reflecting  on  the  museum  with  which  Mr. 
Plant  was  connected.  He  believed,  from  what  he  knew 
of  it,  that  it  was  doing  good  work,  but  whether  it  was 
arranged  in  the  way  he  (Mr.  Pennington)  would  suggest  was 
altogether  another  matter.  Mr.  Plant  might  have  his  own 
opinion,  as  Mr.  Dawkins  had  his,  as  to  the  best  way  of  carry- 
ing out  the  work  in  which  he  was  engaged.  He  could  only 
say,  further,  that  there  was  not  a  word  in  his  paper  which 
could  &irly  be  construed  as  an  attempt  to  lectmre  either 
Town  Coimcils  or  anybody  else.  Town  Councils  certainly 
ought  to  be  amenable,  perhaps  more  than  other  people,  to 
pnblic  criticism,  and  the  more  public  criticism  and  thought 
could  be  devoted  to  the  question  of  the  proper  arrangement 
of  museums,  the  better  it  would  be  for  the  rising  generation, 
as  far  as  their  education  in  geological  science  went. 


ON  THE  DISCOVERY  OF  AN  ANCIENT  IRONMINE  IN 
CUVIGER,  AND  SOME  FURTHER  REMARKS  ON 
THE  REMAINS  OF  OLD  BLOOMARIES  IN  THE 
NEIGHBOURHOOD  OF  TODMORDEN. 

By  Mb.  John  Aitken. 


At  the  meeting  held  here  on  the  27th  of  May  last,  I  drew 
the  attention  of  the  Society  to  a  bed  of  iron  pyrites  which 
bad  recently  been  discovered  in  the  millstone  grit,  in  the 
Walsden  valley,  near  to  the  remains  of  an  ancient  bloomary. 
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from  whence  I  ventured  to  suggest  that  ore  had  probably  been 
procured  to  supply  not  only  this  old  frunace,  but  also  others 
which  formerly  existed  in  that  locality. 

During  the  discussion  which  ensued  doubts  were  expressed 
as  to  the  suitability  of  the  iron  pyrites — specimens  of  which 
were  exhibited — for  the  manufacture  of  iron  in  sufficient 
quantity  and  quality  as  to  render  its  use  a  remunerative 
imdertaking.  My  object,  on  that  occasion,  being  rather  to 
bring  the  subject  before  the  meeting  in  the  form  of  a 
suggestion,  which  seemed  to  me  to  offer  a  probable  solution 
of  an  existing  difficulty  than  as  the  assertion  of  an  in- 
disputable scientific  feet. 

Since  the  reading  of  that  paper  I  have  continued  my 
investigations  in  the  neighbourhood  with  the  view  of  either 
confirming  my  former  suggestion,  or  of  finding  out  some 
more  satisfactory  answer  to  tlie  perplexing  question  as  to 
where  the  ore  came  from  to  supply  these  old  bloomaries,  and 
I  have  now  to  state  that  my  efforts  have  been  rewarded  by 
obtaining  evidence  bearing  upon  it,  which  I  feel  confident 
will  offer  a  satisfactory  solution  of  the  matter,  and  remove 
the  difficulty  which  has  liitherto  surrounded  it. 

This  consists  in  the  discovery  of  an  old  disused  ironstone 
mine,  which  has  been  wrought  on  an  extensive  scale  at  a 
very  remote  period,  and  from  wlience  a  large  quantity  of  ore 
must  have  been  extracted,  the  date  at  which  it  was  used 
being  so  distant  that  the  entrances  to  it  had  become  com- 
pletely blocked  up,  and  concealed  from  view,  and  its  very 
existence  almost  forgotten  in  the  district. 

The  situation  of  this  mine  is  in  the  Cliviger  valley  (a  deep 
rocky  gorge  running  from  Todmorden  to  Burnley,  about  half 
way  between  tlie  two  towns,  and  close  to  the  summit,  where 
the  twin  rivers,  Calder,  take  their  rise)  in  a  steep  escarpment, 
on  the  north  easterly  side  of  the  valley,  known  as  Ruddle 
Scout. 
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The  workings  as  already  stated,  are  of  considerable  extent, 
consisting  of  a  series  of  long  drifts  or  chambers  driven  into 
the  side  of  the  hill,  from  whence  side  workings  were  set  off. 
The  refuse  shale  having  been  disposed  of — as  far  as  possible — in 
the  old  drifts  after  the  extraction  of  the  ore,  and  the  remainder 
discharged  down  the  fauce  of  the  cliff,  into  the  vale  below, 
thus  forming  large  spoil  heaps  opposite  the  several  entrances. 
The  works  appear  to  have  been  set  out  and  conducted  with 
fair  skilL  Most  of  the  main  roads  are  still  open,  and  may  be 
traversed  for  considerable  distances  at  the  present  time,  their 
preservation  being  attributable  to  the  character  of  the  roof, 
which  consists  of  a  platy  fine  grit  rock,  and  the  prudence  of 
the  ancient  miners  in  leaving  as  supports  either  portions  of 
the  undisturbed  strata,  or  when  removed  by  building  up 
strong  sustaining  walls,  in  consequence  of  which  the  mine 
may  be  explored  and  the  workings  examined  over  a  con- 
siderable area,  the  furthest  points  reached  being  upwards  of 
300  feet  from  the  entrance,  when  further  progress  was  arrested 
by  standing  water  in  one  direction,  and  by  a  falling  of  the 
roof  in  others. 

The  roads — ^where  in  their  normal  condition — are  about  four 
feet  high  and  four  feet  wide,  the  side  workings  being  generally 
set  off  at  right  angles  to  the  main  roads,  and  appear  to  have 
been  driven  of  various  widths  ranging  from  four  to  ten  feet. 

The  bands  of  ironstone  are  very  variable,  ranging  from  one 
to  four  in  number,  and  from  half-inch  to  five  or  six  inches  in 
thickness,  and  kre  also  found  at  various  levels.  The  upper- 
most seam,  which  occurs  generally  a  few  inches  below  the 
roof  rock,  is,  however,  the  most  regular  and  persistent,  and 
is  also  the  thickest  in  the  series. 

The  following  three  sections,  taken  at  different  parts  of 
the  mine,  will  illustrate  this  fact : — 


NII..1  Bumcx  fliiMi  «>  AM*  Jiw^. 


Hoof  nxi— laggy  amdibiM. 

It. 

U. 

Itonstone,  fiom  four  to  nz  isdlM  ... 

Bhekluniiutodiihale 

InnutODe,  from  one  to  two  indm  ... 

Black  ghalo 

2To.  2  SicncBT  f^oim  in  on*  of  HiA  woiiMagt}. 
Boof  rooK — fla^7  Baadstonie.  ft.  in. 

Black  lamiiuted  shale 0    S 

Innutone,  in  two  layers,  aeparated  bj  a 

thin  parting  of  shale    0     6 

Black  shale       3     6 


No.  3  Section  (im,  S. 
Hoof  rock — flaggy  saadstoDc. 
Black  laminated  shale 

Ironstone 

Black  laminated  shale 

Ironstone 

Shale     

Ironstone 

Shale     

Ironstone 

Shale    


W.  working.) 


0   n 

0     8 

0    n 

0  10 
0    Oi 


i   n 


From  these  partlcularB  it  will  be  perceived  that  the  aggm- 
gate  thickness  of  ironstone  only  reaobes  about  six  and  a  half 
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It  is  somewhat  remarkable  that  so  small  a  proportion  of 
ironstone  to  the  quantity  of  shale  removed  should  have 
possessed  sufficient  value  to  ensure  it^  being  economically 
pursued.  From  the  fact,  however,  of  its  having  been  worked 
on  an  extensive  scale, — which  must  represent  a  lengthened 
period  of  active  operations, — leaves  no  room  for  doubt  that  it 
was  so,  and  leads  also  to  the  further  inference  that  ironstone 
was  at  that  time  a  scarce  material  and  difficult  of  attain- 
ment, thus  giving  to  these  attenuated  bands  a  value  they 
would  not  have  otherwise  possessed. 

In  this  respect,  however,  no  material  diflference  exists  when 
compared  with  the  celebrated  Low  Moor  measures,  where 
three  feet  five  inches  of  strata  only  yield  six  inches  of  iron- 
stone, in  four  bands  as  follows  : — 

Roof.  ft.  in. 

UllHilC         •••         •••         •••  •••  ••■         •••         •••         \J        A 

Ironstone  nodules 

OUaUC     •*•      •••      •••      cat      •••      •••      •• 

Ironstone  nodules     

I^XlsbJLC         ••.  •*•  •••  •••  •••  ■•■  •• 

Ironstone  nodules     

uiimc      •••      *••      •••      •••      ••■      •••      •• 

Ironstone  nodules     


.     0 

2 

.     0 

8 

.     0 

Oi 

.     0 

Hi 

.     0 

2 

.    1 

li 

.     0 

H 

3 

5 

Yet  these  mines  have  continued  to  be  profitably  worked  for 
a  century  at  least,  and,  in  all  probability,  for  a  much  longer 
period. 

As  will  be  seen  by  reference  to  the  section  appended 
hereto,  the  Arley  Mine  occupies  a  position  only  a  few  feet 
above  the  bed  of  shale  in  which  the  ironstone  occurs.  This 
important  seam  of  coal  formerly  extended  over  the  area  over- 
lying the  ironstone  measures,  at  fix)m  twenty  to  forty  feet 
beneath  the  surface.     Immediately  overlying  the  coal  is  a 
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bed  of  grey  shale  five  feet  in  thickness,  having  a  number  of 
ironstone  nodules  running  through  it.  The  surface  dips 
in  conformity  with  the  underlying  strata,  at  an  angle  of 
12®,  so  that  the  coal  is  reached  at  a  nearly  uniform  depth. 
Advantage  has  been  taken  of  its  proximity  to  the  surfisuje 
for  extracting  the  coal  by  means  of  shallow  surfieu^ 
sinkings.  These  shafts  stud  the  area  in  question  in  great 
numbers,  and  give  to  it  a  very  singular  appearance,  120 
to  150  having  been  noticed.  At  the  present  time  they 
generally  consist  of  a  central  hollow,  from  four  to  ten  feet 
deep,  with  a  low  encircling  rampart,  doubtless  derived  from 
the  refuse  matter  brought  up*  in  sinking  the  shafts  and 
getting  the  coal.  The  seam  appears  to  have  been  completely 
removed  and  the  superincmnbent  beds  let  down  on  to  the 
seat  eartli  below,  as  a  careful  examination  of  the  section 
exposed  on  the  side  of  the  escarpment  has  not  resulted  in 
bringing  to  light  any  trace  of  the  coal  in  situ  ;  small  detached 
pieces  may,  however,  be  picked  up  in  plenty  about  the  old 
shafts.  If  the  coal  were  raised  at  the  same  time  the  iron- 
mining  operations  were  being  conducted,  doubtless  the  iron- 
stone balls  contained  in  the  roof  shale  would  be  utilized,  and 
that  they  were  so  is  rendered  probable  from  the  fact  that 
they  appear  now  to  be  absent  from  the  old  spoil  heaps.*  If 
tliis  assumption  be  correct,  the  aggregate  quantity  of  iron- 
stone would  receive  a  sensible  increase. 

The  ore  does  not  appear  to  have  been  smelted  in  the 
immediate  neiglil)ourhood  of  the  mine,  as  no  bloomaries  are 
known  to  have  existed  in  the  Cliviger  Valley ;  the  nearest 
known  sites  ])eing  those  in  Walsden,  referred  to  in  my 
former  paper,  those  in  Dulesgate  and  the  Rossendale  Valley, 
described   by   ]Mr.  James   Kerr,t    and   two   in  the  Hebden 


♦  Tho  coal  may  have  been  used  for  roasting  the  oro  before  removal  to 
some  other  place  for  the  purpose  of  being  smelted. 

t  On  tho  remains  of  some  old  Bloomaries  formerly  existing  in  Lancashire. 
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Valley,  near  Hebden  Bridge,  the  lastrnamed  of  which  have 
not,  I  believe,  yet  been  described.  None  of  these  are  more  than 
seven  miles  from  this  old  mine,  whilst  some  of  them  do  not 
exceed  three.  The  probable  reason  why  no  bloomaries  were 
erected  in  Cliviger  was  the  want  of  fuel.  Very  little  or  no 
old  original  timber  is  fomid  in  this  gorge,  and  I  have  the 
aathority  of  Mr.  Abraham  Stansfield,  of  Todmorden,  for 
stating  that  there  is  no  appearance  of  its  ever  having  pro- 
duced such  in  quantity  sufficient  for  this  purpose  ;  hence  the 
necessity  of  conveying  the  ironstone  to  other  places  where 
this  desideratum  existed,  as  it  was  found  much  more 
economical  to  take  the  ore  to  the  fiiel  than  carry  the  timber 
necessary  to  supply  the  furnaces  where  the  ironstone  was 
procured. 

It  would  however  appear,  from  the  large  accumulations  of 
burnt  shale  of  a  brick-red  colour,  together  with  numbers  of 
pieces  of  roasted  ore  which  occur  in  close  contiguity  to  the 
mine,  and  notably  so  on  the  elevation  immediately  above  the 
principal  entrances,  that  the  iron  was  calcined  before  removal 
— the  body  of  burnt  shale  having  been  so  considerable  as  to 
have  given  a  character  to  the  top  of  the  escarpment  so 
marked  as  to  have  earned  for  it  the  name  of  Euddle  Scout.* 

The  layers  of  ironstone  consist  of  irregular  concretionary  or 
nodular  bodies — and  not  in  regular  platy  bands — each  piece 
being,  as  a  rule,  separated  by  a  layer  of  shale  from  the  one 
nearest  to  it,  from  which  it  differs  in  size,  form  and  thickness ; 
they  are,  nevertheless,  generally  arranged  in  lines  more  or 
less  regular  for  varying  distances,  when  they  die  out,  and 
are  replaced  by  other  bands  at  different  levels,  the  upper- 
most one,  however,  as    already  stated,  being  much  more 


*  Rud  being  the  Saxon  for  red ;  Ruddle  being  applied  to  red  earth 
ooloored  with  oxide  of  iron ;  and  Scout  being  the  Norman  for  a  high  rock. 
It  foUowB  that  the  name  Ruddle  Scout  denotes  a  rocky  declivity  sur- 
mounted by  a  body  of  red  ferruginous  matter. 
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regular  and  persistent  than  the  rest.  These  bands  can  be 
readily  traced  along  the  sides  of  the  old  workings  from  the 
feet  of  the  faces  of  the  fractured  nodules  presenting  white 
surfaces,  arising  from  the  presence  of  thin  layers  of  carbonate 
of  lime,  which  appears  to  have  been  deposited  in  fine  cracks  or 
lines  of  weakness,  something  after  the  feshion  of  septaria. 
The  stratigraphical  position  of  the  ironstone  beds  will  be 
understood  by  reference  to  the  annexed  section,  tak^oi 
from  the  Memoirs  of  the  Geological  Survey*,  which  accords 
very  closely  with  my  own  observations. 

Section  Ruddle  Scout, 

ft.   in. 
Grey  shale  with  six  ironstone  bands...     17     0 

Black  shale  with  ironstone  balls    5  6 

Grey  shale  roof 3  6 

Coal,  Alley  Mine,  Cliviger     4  0 

Seat  clay,  with  two  bands  of  coal      ...  5  0 

Sandstone  (Ruddle  Scout)     9  0 

Black  shale,  with  ironstone  (old  mine)  3  6 

Hard  brown  sandstone  and  fljigs    19  6 

Grey  shale  (grey  layers)     25  0 

Tlirough  the  kindness  of  Peter  Spence,  Esq.,  who  has 
taken  the  trouble  to  analyse  the  ironstone,  and  also  a  piece 
of  the  scoria)  obtained  from  the  old  bloomary  at  Bottomley 
Brook,  in  Walsden,  I  am  enabled  to  give  the  following 
particulars,  viz. :  "  The  ironstone  is  a  carbonate  of  iron,  and 
contains  39*20  pen-  cent,  of  metallic  iron,"  thus  proving 
richer  th  m  the  Low  Moor  Black  Band  to  the  extent  of  9*20 
per  cent.,  which  latter  only  yields  30  per  cent,  of  iron,  or,  in 
other  words,  to  produce  one  ton  of  iron  67  cwt.  of  the  raw 
stone  has  to  be  used. 

It  is  well  kno^vn  that  the  rude  method  of  smelting  by 
means  of  the  old  open  air  furnace,  especially  when  the  ore 

*  The  Geology  of  the  Burnley  Coal  Field. 
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happened  to  be  of  a  somewhat  refractory  character,  such  as 
clay  ironstone  usually  is,  the  extraction  of  the  iron  was  very 
imperfectly  accomplished,  so  much  so  that  '^  at  Low  Moor 
and  other  places  it  has  bsen  found  remunerative  to  re-smelt 
the  old  slag."*  I  was  not,  however,  prepared  to  find  that  a 
piece  procured  from  the  Bottomley  Brook  bloomary  actually 
yielded  41  per  cent  of  iron,  or  more  by  1*80  per  cent,  than 
the  ore  contains.  This  must  of  necessity  be  an  exceptional 
piece,  yet  it  in  all  respects  resembled  that  labelled  Bottomley 
No.  1,  now  upon  the  table.  It  is,  nevertheless,  very  evident 
from  even  a  cursory  examination  of  the  slag  from  any  of  the 
old  spoil  heaps,  that  only  a  comparatively  small  percentage  of 
the  metal  was  actually  secured  from  the  stone. 

As  to  the  age  of  these  ancient  bloomaries  it  is  hazardous  to 
offer  an  opinion.  They  undoubtedly  existed  at  the  time  of 
the  Soman  occupation  of  this  island,  and  evidence  is  not 
wanting  pointing  to  a  much  earlier  period.  Professor  W. 
Boyd  Dawkins,  in  describing  the  Wealden  iron  field,t  states 
that  *'  there  is  every  probability  that  they  (the  Wealden  iron 
mines)  date  far  back  before  the  invasion  of  Caesar,  the 
discovery  of  unbumt  fragments  of  pottery,  identical  in  rude- 
ness and  coarseness  of  texture  with  that  termed  Keltic,  in  a 
cinder  heap  near  Battle  would  prove  that  the  cinders  were  at 
least  of  tub  age  of  the  pottery,  that  is  to  say,  Keltic." 

How  ever  this  may  be,  no  doubt  can  exist  that  the  Romans 
largely  wrought  the  iron  mines  of  our  country,  especially 
those  in  the  Forest  of  Dean  and  the  Weald  of  Sussex,  where 
vast  accumulations  of  ancient  slags  occur,  imbedded  in  which 
coins  of  the  date  of  Nero,  Vespasian,  Trajan,  Dioclesian,  and 
Tetricus,  together  with  fragments  of  Roman  pottery  and 
other  antiquities,  have  been  found. 

**  From-  the  period  when  the  extraction  of  iron  from  its 

•  Mr.  James  Korr,  paper  previously  quoted  from  p.  12. 
t  The  History  of  the  Wealden  iron  field,  1863. 
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ores  was  first  practised  until  a  few  centuries  ago  at  furthesti 
the  art  appears  to  have  remained  nearly  stationary,  and  it 
could  not  have  been  otherwise  so  long  as  the  direct  process, 
or  that  by  which  metal  is  obtained  in  the  mailable  state  by 
one  operation  from  the  ore,  was  the  only  one  known  for  this 
process,  as  only  comparatively  small  quantities  of  ore  can  be 
successfully  treated  at  a  time,  and  it  is  so  exceedingly  simple 
as  not  to  admit  of  any  considerable  improvement,"  * 

The  first  great  step  in  advance  in  the  development  of  the 
iron  industry  was  the  discovery  of  the  art  of  producing  cast 
iron.  The  time  at  which  this  took  place  is  very  uncertain. 
It  is,  however,  on  record  that  a  east  iron  slab  exists  in  Bur- 
wash  Church,  Sussex,  belonging  to  the  14th  century,  and 
according  to  the  antiquarian.  Lower,  the  first  cast  iron  cannons 
were  manufuctured  at  Buxsted,  in  Sussex,  in  1543  (35th 
Henry  YIII.) 

The  substitution  of  pit  coal  or  coke  for  charcoal  in  the 
smeltin<2^  of  iron  involved  tlie  necessity  of  increasing  the 
pressure  of  t  h(^  })last.  This  was  eventually  accomplished,  after 
various  method^  had  been  tried,  by  the  adoption  of  double 
actinir  evlinders,  wliieh  came  into  use  near  the  close  of  the 
last  century.  This  improvement,  combined  with  the  substi- 
tution of  the  liigh  blast  fm-nace  for  the  inefficient  structure 
formerly  in  use,  may  be  regarded  as  the  second  great  step  by 
which  we  are  conducted  up  to  the  improved  modern  methods 
of  manufacturinij^  iron  in  operation  at  the  present  day. 

Bloomaries,  nevertheless,  continued  to  linger  on  for  a 
considera])le  t  ime,  and  were  not  finally  abandoned  until  about 
the  commencement  of  the  present  century. 

"It  was  not  until  1619  that  Lord  Dudley  obtained  a 
patent  for  smiting  iron  ore  with  pit  coal,  a  ^mode  of  opera- 
tion whicli  was  not  successfully  carried  out  until  many  years 
after  that   date,  and  it   is  known  that  the  Sussex  charcoal 


♦  MotaUiirgy,  by  John  Percy,  M.D.,  F.R.S. 
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furnaces  ware  not  finally  blown  out  till  1790-1800,  and  those 
in  Staffordshire  survived  nearly  as  long,*"  whilst  at  Low 
Moor,  Yorkshire,  this  ancient  mode  of  smelting  iron  was 
directly  sacceeded  by  the  modem  coke  blast  furnace. 

It  is  difficult  to  state  with  certainty  the  exact  structure  of 
these  ancient  bloomaries  from  the  fact  that  no  remains  exist 
in  a  sufficiently  perfect  condition  to  supply  the  necessary  in- 
formation, it  is,  howevei,  highly  probable  tliat  they  were 
mere  temporary  erections,  circular  or  oval  in  shape,  about  10 
or  12  feet  in  diameter,  the  basement  being  surmounted  by  a 
low  cupola  built  of  stone  and  clay.  Under  the  furnace  a  flue 
extended  to  near  the  centre,  used  for  the  pxupose  of  removing 
the  molten  metal,  and  also,  possibly,  for  facilitating  the 
admission  of  air ;  the  sides  were  also  perforated  with  holes 
for  the  admission  of  air,  which  could  be  opened  or  closed  at 
will,  80  as  to  utilize  the  current  to  the  greatest  advantage 
which  might  at  the  time  be  blowing  in  any  direction,  and  to 
effect  this  more  completely  they  were  generally  built  upon 
eminences  on  the  sides  of  valleys.  In  emptying  and  re- 
charging them  it  was  necessary  to  remove  the  upper  part  of 
the  furnace,  hence  the  ruinous  condition  in  which  their 
remains  are  always  found  at  the  present  day.  Furnaces,  very 
similar  in  structure  to  those  just  described,  are  still  in  general 
use  amongst  many  of  the  hill  tribes  of  northern  India,  in 
Borneo,  and  Madagascar. 

The  fiiel  made  use  of  being  charcoal,  it  was  essential  to 
select  such  situations  as  afforded  the  requisite  supply  of 
timber  for  the  manufacture  of  that  material. 

On  the  discovery  of  the  art  of  producing  cast  iron,  and 
utilizing  it  for  the  manufacture  of  ordnance  and  numerous 
other  articles,  the  number  of  smelting  furnaces  increased  to 
such  an  extent,  and  the  consequent  consumption  of  charcoal 

*  On  the  romainB  of  nome  old  bloomaries  existing  in  Lancashire, 

hy  Mr.  James  Kerr. 
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became  so  heavy  as  to  threaten  the  total  destruction  of  timber 
trees  in  the  principal  iron  producing  districts  of  our  country, 
in  consequence  of  which  it  was  deemed  necessary,  in  AJ). 
1586,  being  the  27th  of  the  reign  of  Queen  Elizabeth,  to 
pass  an  Act  restricting  and  regulating  the  use  of  trees  for 
this  purpose,  and  also  for  preventing  the  erection  of  additional 
"  iron  mills  "  in  future. 

These  coercive  measures,  combined  with  the  increasing 
demand  for  iron,  directed  attention  to  the  possibility  of 
substituting  pit  coal  for  charcoal,  which,  after  many  flEdlures 
and  difficulties,  became  universally  adopted,  and  e£fected  a 
complete  revolution  in  the  iron  trade  of  the  country. 

The  evidence  as  to  the  age  of  the  Ruddle  Scout  mine  is  of 
the  most  meagre  description,  if,  indeed,  the  little  known 
about  it  can  be  considered  as  coming  under  this  head  at  all, 
being  confined  to  the  simple  knowledge  of  the  existence  of 
subterranean  galleries  under  the  hill,  but  when  made,  or  for 
what  purpose,  nothing  appears  to  be  known,  nor  can  I  ascer- 
tain that  any  documentary  records  exist  to  throw  light  upon 
the   question.     It  will  not,  however,  be  safe  to  assume  a 
shorter  period  than  two  or  three  centuries — and  it  may  be 
very  much  more,  as  it  is  difficult  to  conceive  that  within  a 
shorter  period  its  history  should  so  completely  have  vanished 
from  the  district  where,  as  a  rule,  the  remembrance  of  matters 
of  local  interest  usually  linger  so  long. 

In  my  former  paper  I  mentioned  the  existence  of  the 
remains  of  three  old  Bloomaries  in  the  Walsden  Valley. 
Since  then  several  others  have  been  discovered,  bringing  their 
number  at  the  present  up  to  seven,  and  others  will  in  all 
probability  yet  be  met  with.  One  of  these,  situated  on  the 
Bottomly  Brook,  lias  been  previously  described.  Three 
others  are  located  at  Birks  Wood,  near  Walsden  church,  about 
100  yards  from  each  other,  upon  slightly  raised  eminences  on 
the  easterly  slope  of  the  valley,  the  sites  being  marked  by 
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aocumulations  of  scoris  and  pieces  of  burnt  sandstone.  One 
is  situated  on  a  gentle  elevation  on  the  southerly  slope  of  the 
Bamsden  Valley,  about  300  yards  from  the  farmhouse. 
Amongst  the  slag  accimiulated  here,  a  piece  of  iron,  described 
as  presenting  the  appearance  of  having  been  used  as  a  die, 
'was  discovered  a  few  years  ago.  One  is  situated  at  Banks 
Wood,  near  Far  Hollingworth,  and  one  between  the  two 
water&Us  on  the  southerly  side  of  the  Gorpley  Clough. 

The  whole  of  these  sites  are  distinguished  by  heaps  of 
Bcorise,  upon  which  an  accumulation  of  soil  covered  with 
herbage  has  taken  place,  so  as  almost  to  conceal  them  from 
observation,  and  in  two  cases  in  Birks  Wood  large  timber 
trees  have  found  a  congenial  soil  over  the  mounds  of  slag,  all 
tending  to  indicate  a  remote  period  for  the  active  operations 
of  the  Bloomaries  of  this  locality. 

In  conclusion,  I  desire  to  express  my  indebtedness  to  Mr. 

Abraham  Stansfield,  of  Todmorden,  for  kindly  drawing  my 

attention  to  the  existence  of  the  old  ironstone  mine,  to  Mr. 

Bobert  Law,  of  Walsden,  who  has  rendered  me  valuable 

assistance  and  information  respecting  the  ancient  Bloomaries 

of  the  district,  and  Mr.  Peter  Spence  for  analysing  the  iron 

ore  and  scoriae. 

Specimens  Exhibited. 

Several  pieces  of  ironstone  from  old  mine. 

Slag  from  several  of  the  Walsden  Bloomaries. 

Piece  of  burnt  sandstone  from  Birks  Wood,  Walsden. 

Bugnt  shale  fr^m  Ruddle  Scout. 

Soasted  ore  from  Ruddle  Scout. 


Mr.  Peter  Spence  said:  They  analysed  two  specimens 
which  Mr.  Aitken  gave  them — one  of  the  ore,  which  is  an 
oidinaiy  clay  ironstone  one,  exactly  similar  to  those  which  are 
used  chiefly  at  the  Low  Moor  iron  works ;  and  it  seemed  if 
it  had  been  got  in  the  usual  way.     It  is  deposited  in  the 
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shale  in  a  sort  of  strata,  but  being  in  detached  pieces  they 
Ining  ap  the  ironstone  with  a  good  deal  of  the  shale  sticking 
to  it,  but  the  shales,  haWng  that  laminated  structure,  are 
easily  affected  by  the  atmosphere,  and  &11  away,  leaving  the 
ironstone  clean,  the  pieces  being  in  some  cases  as  large  as  a 
horse's  head,  in  others  not  bigger  than  a  penny  piece.  That 
is  tlie  kind  of  ironstone  firom  which,  at  the  Low  Moor  Iron 
Works,  for  many  years,  they  had  produced  almost  the  best 
iron  in  the  country.  It  had  a  very  high  character  for  boiler 
plate  for  a  long  period.  I  know  it  very  well,  for  25  yean 
ago  I  could  not  get  a  shale  to  answer  my  alum  manufacture, 
in  this  district.  With  the  knowledge  I  then  had  of  the 
operation,  I  went  to  the  Ix>w  Moor  Iron  Works  and  got  the 
shale  there,  as  it  had  fallen  off,  and  was  clean  from  those 
ironstone  lumps,  which  we  did  not  want.  We  calcined  it, 
brought  it  to  Manchester,  and  made  alum  from  it.  After 
two  or  three  years  we  found  Ixjtter  material  near  at  hand. 

Mr.  Dickinson  :  It  is  very  satisfactor)-  to  find  that  Mr. 
Ailken  has  discovered  the  soiu^ce  of  the  ores  by  which  these 
bloomaries  were  supplied.  It  is  well  the  Society  has  not 
Ijeen  left  imder  the  impression  that  iron  was  obtained  from 
iron  pyrites  as  produced  at  the  former  meeting.  There  is 
one  point  I  tlioiight  Mr.  Spence  might  have  touched  upon, 
being  a  chemist — that  is,  the  per  centage  of  iron  left  in  the 
old  scoria?.  The  scoriae  produced  are  not  what  we  would  call 
pure  furnace  slag.  This  slag  which  is  lying  on  the  table  is 
like  what  would  flow  off  from  the  re6ning  process,  lather 
than  tliat  from  the  smelting  process,  and  being  a  protoxide 
of  iron,  instead  of  a  carlx)nate  of  the  protoxide  in  which  it 
exists  in  the  ore,  it  is  necessarily  much  richer,  although  com- 
bined with  the  silica  which  originally  existed  in  the  ore  and 
in  the  flux.  There  are  open  works  within  a  few  miles  of  this 
district,  where,  according  to  repute  in  the  neighbourhood, 
ironstone  has  Ixjen  worked  in  former  times,  all  open  cast — 
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not  by  mining  as  Mr.  Aitken  has  described.  The  paper  is  a 
veiy  interesting  one,  and  throws  some  light  upon  the  history 
of  that  district. 

Mr.^BETLET  (^Wigan) :  The  secret  of  the  large  per  centage 
of  iron  in  the  slag  is  to  be  found  in  the  fact  that  the 
users  of  these  ancient  bloomaries  were  not  aware  of  the  use  of 
lime  as  a  flux  in  smelting.  In  our  ordinary  blast  furnaces, 
the  ore  and  coke  are  now  applied  in  connection  with  lime- 
stone, limestone  combining  with  the  silica  of  the  ore  and  setting 
free  the  iron.  The  silica,  if  not  saturated,  will  combine  with 
iron  and  take  up  a  considerable  quantity,  thus  rendering  the 
slag  highly  ferruginous.  With  regard  to  the  yield  (something 
like  40  per  cent.)  I  may  say  that  is  not  at  all  exceptional, 
the  yield  given  by  Dr.  Percy,  in  his  book,  of  some  slags 
from  ancient  bloomaries  being  over  50  per  cent,  of  protoxide 
of  iron,  which  is  easy  calculable  into  nearly  40  per  cent,  of 
iron ;  and  a  sample  which  I  myself  found  some  years  ago  of 
slag  from  an  ancient  bloomary,  a  little  north  of  Middleton 
in  Teesdale,  pelded  me  almost  precisely  the  same  amount. 
I  forget  the  exact  figures,  but  I  think  it  was  40  per  cent.,  of 
iron. 

Mr.  Spence  said  that  some  slags  from  bloomaries  contained 
as  much  as  60  per  cent. 

Mr.  Plant  :  It  is  not  very  likely  in  the  present  state  of 
trade,  and  of  the  iron  trade  especially,  that  this  ancient 
mine  will  be  re-opened  for  commercial  purposes,  although  the 
deposit  exists  perhaps  as  good,  if  it  were  further  examined,  as 
it  did  in  the  times  when  it  was  worked.  The  chief 
interest  of  the  subject  is  in  the  geological  definition  of 
its  exact  site  in  the  coal  measures.  I  was  not  quite 
certain  whether  I  understood  Mr.  Aitken  to  say  that  these 
nodular  bands  lay  in  the  lower  coal  measures,  and  whether 
he  has  determined  in  his  own  mind  that  the  age  which 
he  can  find  for  the  old  workings  would  be  three  or  four 


aentDriM  ago — bafon  tba  tfane  of  Sulapmutk  If  tiafc  ii 
t^  qJogktJon  aiiived  at,  it  it  ymj  ■tiifa*itoiy,  becaiHa  it 
doM  sot  leave  the  mattn  open  fa  tatthet  ocagiBatxm  •■  ts 
]ireJiut(»io,  or  Celtle,  or  erco  Ang^  SsiniL  indtiiig:  Bat 
tlw  working  of  inm,  of  a  vciy  primitiTC  clMisot«r,' irti  a 
well  established  indnstiy  in  Qnat  fikitain  from  Anfj^b-flaaoB 
teoaniBi  and  unle«-  then  is  dinot  psoof  of  these  ndaM 
ha'ring  been  worked  in  the  tune  of  Heoij  TIU^  than  is  bd 
teuDu  why  he  did  not  aKtand  the  age  a  little  longer  tmt 
eany  it  baok  to  Anglo-SazoiL  times.  Tbtj  vssd  to  uktiasl 
iron  toes  in  those  days,  and  sinelt  than  in  a  vety  priuitiTC 
fiuhion  Bofficieat  fa  the  day.  I  shoold  like  to  be  <iaitB 
oertain  from  Mr.  Aitkea*s  statements  whether  it  is  tie 
lower  ooal  measmee  in  whioh  the  bands  ooonr. 

ProfiasBor  Ban>  DAWKim :  I  ahonld  like  to  makeanmnfc 
upon  the  ancient  mode  of  working  iron  in  this  coantiy.  The 
large  series  of  obeervatioDS  made  by  Mr.  Lower,  in  Snsaex 
and  Kent,  and  by  myself  and  other  members  of  the  Geologioal 
Survey,  have  tended  in  this  conclusion,  so  &r  as  relates  to  the 
ancient  mode  of  working  iron  ores.  There  are  lai^  traoix  of 
oountiy  covered  by  wood  in  the  Weald  of  Sussex  and  Kent, 
small-poxed,  so  to  speak,  with  cavities,  and  when  theee 
are  examined,  they  are  found  to  represent  filled  up  E^iaftB. 
It  bas  been  found  in  every  case  that  these  shafts  have  been 
made  in  the  search  for  a  series  of  nodular  iroU'Stone  preciBely 
of  the  same  character  as  those  which  Mr,  Aitken  has  put 
before  us.  The  mode  in  which  they  were  worked  was  thus. 
The  miners  sank  a  vertical  shaft,  veiy  seldom  more  than  40ft. 
deep,  and  when  they  got  down  to  the  iron  ore  they  remored 
all  within  reach.  Apparently  they  did  not  know  how  to 
support  the  roof^  nor  were  they  accustomed  to  drive 
passages.  Having  got  out  as  much  of  the  iron  ■  we  as 
th^  could,  they  sank  another  shaft;,  and  proceeded  to 
fill  up  the  previous  one  witii  the  debris,  and  as  a  reeolt  of  that 
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operation,  repeated  over  and  over  again,  considerable  districts 
are  covered  with  these  small  depressions,  which  represent  the 
filled  np  shafts  of  old  ironstone  mines.  These  pits  are  not  con- 
fined to  this  coimtry.  They  are  fonnd  also  in  France  and  in 
Belgium,  and  it  seems  to  me  they  represent  the  most  archaic, 
the  oldest,  form  of  iron  mining  known.  Now,  vdth  regard 
to  the  age  of  these  iron  mines,  we  know  as  a  matter  of  &ct 
that  the  iron  of  Sussex  and  Kent  was  one  of  the  most 
important  sources  firom  which  Great  Britain  was  supplied 
down  to  as  late  a  time  as  the  reign  of  Henry  VIII.,  and  there 
are  not  known  in  any  part  of  that  district  any  large  horizontal 
workings ;  there  are  no  passages  extending  far  away  firom 
the  old  shafts.  It  seems  to  me,  therefore,  very  probable 
indeed  that  this  mode  of  working  is  the  very  oldest  form  of 
ironr-mining  at  present  known.  It  was  also  the  mode  in 
which  the  Neolithic  peoples  mined  flint  in  this  country.  The 
more  complicated  and  elaborate  workings,  which  Mr.  Aitken 
has  80  well  put  before  us  this  afternoon,  probably  do  not  date 
more  than  perhaps  three,  or  at  most  four,  perhaps  not  so 
much  as  four,  centuries  firom  the  present  time.  As  people 
learned  to  use  timber  in  supporting  the  roofs  of  mines  the 
old  mode  of  working  went  out  of  fashion,  and  I  believe  that 
it  could  very  well  be  proved  that  it  went  out  of  fashion  some- 
where about  the  time  of  the  reign  of  Elizabeth.  But  that  is 
a  question  I  am  sure  Mr.  Dickinson,  or  some  other  gentlemen 
here,  will  be  able  to  give  much  better  information  of  than  I 
can.  I  feel  very  much  obliged  to  Mr.  Aitken  for  his  inter- 
esting paper. 

Mr.  Dickinson  said  that  many  of  the  old  pits  in  the  neigh- 
bourhood of  the  sub-Wealden  bore-hole  had  not,  to  his  mind, 
been  made  by  sinking  fix)m  the  surface,  but  they  were  what 
was  known  as  bell  pits — that  was  to  say,  by  working  under- 
ground for  a  certain  distance  firom  the  shaft,  a  sulBicient 
excavation  was  made  to  cause  the  surface  to  fall  in.     That 


ma  notiiing  itew :  it  ma  a  Byatem  pmetaaed  until  reoentlj  in 
irarkiiig  inm-Btoiie  what  it  ms  verj  ■hallow. 

ProfiBBBi»  Dawkinb  said  the  eridepoe  ^m  to  hii  mind  ooit- 
chuive  that  the  old  mioflB  in  Soasex  had  been  mikad  fiom 
above. 

Mr.  AnxiH,  in  repljdi^,  said  that  tha  Ijedjflf  tita^^jfil^ 
feet  below  the  Ari^  minies  and  taking  that  aa  the  basia  of  ^ 
middle  coal  measures  the  iron  stone  depont  wmild  liq  in  the 
Tj^penooat  part  of  the  lower  ooal  meaauna.  As  to  i^  ngebt 
quite  agreed  with  Fto&aaor  Dawkjna ;  he  tlioii^t  that  the 
M  mine  which  he  had  desoribed,  although  extending  back 
fiv  a  conddoable  period,  would  not  nnk,  in  antiqaitj,  witt' 
thoae  BO  well  deaoribed  in  a  paper  by  PtafeaaorDmAina  piri»- 
liahed  some  time  ago  (and  to  whioh  he  had  lefaied  in  the 
paper  reed  tJiat  day),  beoaiise  there  th^  were  siir&oe  woA- 
ings,  known  to  have  existed  at  a  very  remote  period.  Here, 
the  ironBtone  occupied  a  different  position  to  that  in  the 
Weald.  It  outcropped  on  the  &ce  of  the  steep  escarpment, 
and  would  be  visible  to  those  who  were  eaekiog  for  it,  and  the 
charact^  of  the  shale  was  Buch  as  enabled  Uie  iron  to  be 
extracted  with  facility,  and  at  much  less  cost  than  in  aJTilHng 
from  the  surface. 
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the  Literary  and  Philosophical  Society's  Rooms,  George 
Street,  Manchester; 

E.  W.  BiNNEY,  Esq.,  F.R.S.,  &c.,  Vice-President, 

in  the  Chair. 

Mr.  William  Fairclough,  Land  and  Mineral  Surveyor, 
Leigh,  Lancashire ;  Mr.  William  Jackson,  Bower  Colliery, 
HoUinwood,  near  Manchester;  Mr.  Mark  Stirrup,  F.G.S., 
Heywood  Street,  Moss  Side,  Manchester ;  and  Mr.  William 
E.  Teale,  Fern  Bank.  Worsley,  were  elected  ordinary 
members;  and  Mr.  Christopher  James  Schofield,  Whalley 
Villa,  VThalley  Range,  near  Manchester,  (having  com- 
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THE  METHOD  ADOPTED  IN  SINKING  THROUGH 

QUICKSAND  AT  THE  BAMFURLONG 

COLLIERIES,  WIGAN. 

By  Walter  Topping,  M.E. 


The  following  notes  and  observations  apply  rather  to 
Mining  than  to  Geology,  but  to  those  members  who  are 
closely  identified  with  the  coal  industry,  they   may  be  of 
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iDtereet,  and  generally  it  may  be  urged  that,  in  addition  to 
tlie  mere  knowledge  that  rich  treasures  lie  under  our  fee^, 

I  of  very  great  importance  that  we  should  all  have 
idea  of  the  practical  difficulties   which  lie  betwixt  us  and 
these  treasures. 

I  propose  by  the  accompanying  plans  to  shorten  as  mui^< 
aa  possible  the  description  of  the  work.  I  must  at 
outset  call  attention  to  the  relative  positions  of  the  shi 
as  well  as  to  the  machinery,  boilers,  buildings,  and  canal  fj 
also  the  necessity  of  limiting  the  superficial  area  of  disturb- 
ance as  bo  understood  more  particularly  by  reference  to 
No.  1  Pkn. 

No.  1  Pit  was  sunk  about  forty-five  years  ago,  by  Mit, 
Adam  Flatt,  to  the  luce  four  and  seven  feet  mines  who,  X 
believe,  was  the  first  to  attempt  to  work  the  valuable  minea 
under  the  Bamf  urlong  Hall  Estate. 

This  pit  was  five  feet  two  inches  in  diameter,  and  had 
to  serve  for  pumping,  winding,  and  ventilating  purpoees. 
A  few  pillars  in  the  Ince  four  feet  mine  were  gotten,  and 
in  consequence  the  sand  broke  in,  and  the  pit  was  abandoned. 
When  Messrs.  Cross,  Tetley,  &  Co.,  (Limited)  obtained  a 
lease  in  1867,  No.  2  shaft  after  much  difficulty  was  sank  by 
means  of  wooden  curbs,  and  a  shaft  of  twelve  feet  diameter 
secured,  which  was  then  sunk  to  the  Femberton  4  feet 
mine  ;  No.  1  shaft  was  also  sunk  of  the  same  size,  from  ihe 
Ince  4  feet  mine  to  this  seam. 

The  ooal-field  having  been  proved  by  these  shafts,  the 
Company  at  length  decided  to  widen  No.  I  shaft  from  the 
surface,  and  to  sink  two  others  to  the  Wigan  Series  of  mines. 
In  May,  1873,  No.  3  shaft  was  commenced.  Staging  was 
erected  about  15  feet  high,  and  a  light  headgear  with  puUie« 
put  thereon.  At  the  depth  of  4  feet  the  sand  was  reached. 
Cast-iron  curbs  in  segments  making  20  feet  outside  diameter, 
were  then  put  together  as  high  as  the  stage  would  admit 
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Theee  segments  were  3  feet  8  in.  long,  2  feet  high,  with 
inside  flanges  5  in.  broad,  and  two  3  in.  and  1  in.  thick 
strengthening  ribs,  these  running  longitudinally  and  verti- 
cally. Each  third  ring  in  height  had  a  flange  10  in.  broad. 
The  leading  or  cutting  ring  was  3  feet  in  height  with 
12  in.  flanges  and  metal  1^  in.  thick.  This  ring  was 
2  inches  larger  externally  than  the  others,  the  idea  being, 
I  suppose,  that  the  upper  rings  would  thereby  be  relieved 
of  some  pressure.  Wood  sheathing  f  in.  thick  was  put 
between  each  joint,  and  the  segments  were  tightly  screwed 
together  by  |in.  bolts.  Planks  were  then  laid  across  from 
the  broad  flanges,  and  dry  bricks  placed  (breaking  the 
joints  in  the  usual  way),  from  the  recesses  formed  by  the 
ribs  until  the  requisite  weight  to  sink  the  curb  was  obtained. 

Sinking  was  next  commenced,  and  only  suspended  to 
add  more  castings,  until  the  curb  was  driven  6  or  7  inches 
into  the  marl.  The  Upper  sand  presented  little  difficulty, 
being,  when  dry,  much  of  the  same  character  as  that 
ordinarily  used  for  building  purposes,  and  not  under 
much  pressure.  The  Lower  sand,  however,  is  as  fine 
as  "  wheaten  flour,"  and  when  rubbed  betwixt  the  thumb 
and  finger,  in  water,  is  scarcely  perceptible  to  the  touch. 

A  wooden  ring,  3  in.  thick,  was  laid  some  distance  in  the 
marl,  which  was  sheared  back  in  coming  upwards,  and 
4|  in.  walling  brought  up  the  sides  flush  with  the  cutters. 

The  marl  was  then  simk  through,  and  No.  2  tubbing,  of 
about  18  feet  diameter  put  in.  Weight  was  introduced 
as  in  No.  1  tubbing,  until  the  space  for  the  hoppets  to 
pass  through  was  reduced  to  8  feet  by  4  feet. — See  Plan 
No.  2. 

The  workmen  had  barely  head-room  to  work  beneath  the 
weight.  Segments  were  added  as  required.  The  water  was 
raised  by  Cameron's  steam  pumps,  10-inch  steam  cylinders, 
and  with  7-inch  lams.    They  were  placed  within  the  curb 


17  or  18  <M  ftom  tile  l»4tini,  mA  at  tbMi  dii  b«iA 

Mrrioe;  bat  owing  to  the  Mey&KVotfvi  xbl  Blwithg  cni 
TmnTiing  out  tiw  oleek%  end  tiwoBfli^taiB^ef  ifr^tartia^ 
day  after  d^  ma  loat  Thin  fla|ia  d  tBdkniliber  van 
plaoed  on  the  Talvei^  and  hj  tiua  naana  ft*  pn^pa  aetad 
mote  eflbotnall J  than  whoniroriEnig irith htMa  to bnaa  iqpon 
tiie  hxang,  hot  they  wet*  fraqnen^  oat  thraogh,  and  had 
to  be  tonawed.  Tim  ooib  beoame  atatioomy,  taA  &»  a  fort* 
nigfrt  no  headway  wia  made  in  tin  bofltng  aaad,  *i*«"gfc 
it  was  weij^itad  witii  190,000  bridka.  Six  ^dnolie  jaob 
wen  than  obtained,  of  an  efibetiTa  power  of  MO  tana.  llMaa 
were  plaoed  between  Ae  i^er  and  lomr  oaring  with  no  odiv 
laaalt  than  that>  both  oaiba  wwe  Teiy  aeriooily  daoMge^ 
.  the  lowar  beeondng  almoot  onflt  to  tub  fai  liter.  Ilie  wotlc 
oame  to  a  stondstiU,  and  in  Norember  of  that  year  (187S) 
the  writer  waa  aaked  to  take  charge. 

The  No.  1  tubbing  was  at  once  Btrengthened  with 
stretchers  of  pitch  pine.  The  state  of  No.  2  ooold  not 
be  seen  at  this  time,  owing  to  the  bricks,  except  where  the 
engine  was  eitnated.  Two  open  lifts  of  4  and  8  inches 
diameter  were  at  once  put  in.  Operations  were  again  com- 
menced. Sand  was  pumped  in  quantities  requiring  a  large 
staff  of  men  to  keep  the  troughs  and  water-ways  clear.  We 
frequently  found,  when  within  about  a  foot  from  the  top  of  the 
leaders,  that  it  became  impossible  to  go  deeper;  the  water 
and  sand  breaking  in,  and  rising  10  or  12  feet  in  a 
few  seconds.  With  this  outdow  from  time  to  time,  and  the 
pit  no  deeper,  the  state  of  the  surface  may  be  imagined. 
The  ground  began  to  crack,  the  soil  and  marl  having  no 
support ;  the  curbs  had  an  ever-extending  circnmferenoe  of 
broken  surface,  and  consequently  additional  weight  to  resist 
Bolts  snapped  like  glass,  castings  split  from  top  to  bottom, 
and  the  sand  boiled  over  the  back  of  the  inner  curb. 

The  conclusion  had  been  previously  come  to,    that  the 
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curbs  were  in  rigid  contact,  and  also  that  a  fracture,  on  the  rise 
side  of  the  pit,  had  taken  place  in  the  leader.    Not  only  did 
the  surface  become  depressed  more  upon  this  side  (fortunately 
for  us),  but  the  first  symptoms  of  an  out-burst  came  from 
this  point.     There  was  now  no  alternative  but  to  introduce 
No.  3  curb,  though  we  had  made  great  sacrifices  to  secure, 
if  possible,  a  shaft  of  not  less  than  16  feet  diameter,  which 
we   were   anxious  to  obtain.       The  bricks  were  removed, 
the  No.  2  curb  strengthened,  and,  as  plan  No.  2  will  show, 
a  3  in.  flange  curb  was  run,  and  successfully  landed  in  the 
marl,  December  3rd,   1873.     The  space  between  the  two 
curbs  was  well  and  constantly  packed  with  straw,  as  we 
feared  that  the  upper  and  lower  sands  had  become   con- 
nected.    The  section  (plan  2)  shows  the  method  of  sinking 
from  this  point,  also  the  wedging  ring  (W.)  laid  in  the 
rock  upon  which  the  water  tubbing  is  bedded.     Strict  care 
was  taken  to  find  a  suitable  site  for  the  ring,  as  it  was 
necessary  that  the  rock  should  be  free  from  joints.    The  bed 
was  carefully  levelled,  no  powder  being  permitted  to  be  used. 
Dry  ends  of  spruce  were  used  as  blocking,  (X)  care  being  taken 
to  collect  the  water  from  the  sides  in  canvas  bags,  in  order 
to  prevent   the  blocks   swelling  before   the   operation   of 
wedging  had  been  completed.     Dry  pitch  pine  wedges  were 
used,  and  when  these  would  not  face  the  blocking,  iron 
wedges   were  inserted   until   the    ring   was   secure.      The 
ring  (W)  was  hollow,  14  feet  diameter,  4  J  in.  high,  and 
12  in.  broad.     The  water  tubbing  had  3  in.  (outside)  flanges, 
and  over-lapped  1  in.  at  the  back,  on  two  of  its  edges,  to 
prevent  the  wedges  and  sheathing  being  driven  through. 
The  first  round   of   tubbing   was  laid  on  the  ring,  with 
^  in.  sheathing  between  the  joints.     Fine  riddled  slag,  from 
the  blast  furnaces  of  the  Wigan  Coal  &  Iron  Co.,  was  flushed 
round  the  back.     This  soon  became  as  hard  as  the  rock. 
The  full  height  of    water-tubbing    was    erected    in    the 


i»my,  wlien  wedging  wm  commonced  from  t!i« 
iqnrarda.  This  was  repeated  three  times.  In 
Ihb  Wl^  Aft  wat^r  was  elFectually  made  out ;  but  not  uutil 
it  WM  eomidored  that  the  ground  had  quite  settled, 
mm  tiw  Wrtsr  allowed  to  flow  from  the  discharge  pipe  (B). 
"W*  gtadnUy  added  short  lengths  of  2  in.  pipes  up  the 
ihaft,  ixnufiltuting  n  safety  valve,  until  the  maximum 
pwuw  wu  throim  upon  the  tubhing.  In  consequenw 
of  the  tabbing  having  become  so  weakened  by  fracture 
firont  As  Veight  imposed  upon  it,  and  hanng  assumed 
^nwiow  iluipM  trom.  tims  to  tbiw,  «•'  vwe  saw 
dieu  of  dtffloshf  txA  anxufy  inrtfi  tfcs  pit  i*m  wA 
gi9od;  ihe  ramoval  of  tiw  ^toh'i^  stntobaiag  Xt—hl 
iritii  ooiwdsnbls  ri^ 

Phn  8  ^owi  the  dM^aoammt  Ki  the  vevtfd  4i(Aii,  Atf'i 
kud  PlftB  4  giTM  tho  diuneMA  tud  depdii  of  «m1i  Ht  al 
ttuHnng. 

The  walHiig  vu  omapleted  TOxmrf  IMi^  19M- 

Tha  jnt  ma  then  anolc  to  the  Inse  4ft.  miae  ud  % 
eommaaicatioa  made  vith  No.  1  shaft  for  ventilation. 

We  then  turned  our  attention  to  No.  1  shaft.  I  will 
first  describe  what  we  f oand  in  the  old  shaft ;  or  rather  the 
means  taken  to  sink  it,  as  far  as  I  could  ascertain.  Plan  S 
gives  the  section. 

At  the  onteet  a  wooden  curb  A  formed  of  3  in.  pitch  jnne 
planks  nailed  to  oak  rings  4^  in.  square,  was  made  of  half 
the  required  height,  and  was  shod  with  }  in.  wrought  iron 
plating.  This  having  been  run  down  level  with  the  snr&ot. 
the  other  half  was  joined  to  it.  It  was  expected  to  have  got 
through  both  sands  with  this,  but  Plan  6  gives  an  idoa  of 
its  incapacity  to  sustain  the  pressure.  What  hod  been  • 
oircle  of  12  feet,  was  elongated  to  upwards  of  14  feet  6  in 

A  wrought  iron  curb  B  of  boiler  plates,  leaving  ■ 
margin    to  allow    of    ita  insertion    waa    put  in,  bnt  i^ 
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also,  collapsed.  Inside  this,  four  cast  iron  cylinders  0, 
6  feet  11  in.  outside  diameter,  7  feet  7  in  high,  and  1  in. 
thick,  with  inside  flanges  5|in.,  were,  after  spreading  a 
layer  of  paint  and  oakum,  bolted  together.  The  lowest  was 
without  flange  and  bevelled,  and  was  ultimately  cracked. 

Another  cast-iron  cylinder  D,  5  feet  10  in.  in  diameter,  4 
feet  Gin.  in  height,  with  4 in.  flanges^  was  inserted  inside 
the  "  C  "  cylinders,  and  forced  into  the  marl.  This,  bricked 
flush  with  the  flanges,  formed  the  sides  of  the  shaft.  It 
is  probable  that  "  C  "  cylinder  had  kept  back  the  sand,  but 
owing  to  the  absence  of  a  flange  at  the  bottom,  it  was  unable 
to  resist  the  additional  external  weight,  and,  when  the  marl 
was  removed  from  within,  became  damaged.  These  two  sets 
and  the  wrought-iron  ring  would  be  at  once  blocked  up ; 
small  bricks,  well  set  in  mortar,  being  found  betwixt  them, 
Below  this,  six  oak  rings,  5  in.  deep,  were  laid  on 
each  other,  and  a  wrought-iron  ring  in  5  segments,  bolted 
inside,  but  fwt  diminishing  the  diameter.  Thus  Mr.  Piatt 
secured  his  shaft. 

I  will  now  describe  the  means  which  were  adopted  in 
enlarging  this  shaft. 

The  first  curb  was  of  the  same  pattern  as  No.  3  save 
that  the  cutting  flanges  were  less.  It  was  built  as  high 
as  the  shear  legs  woidd  allow  of,  and  run  down 
to  the  surface,  and  the  remaining  height  then  bolted 
on.  Four  long  poles,  63  feet  in  height,  lashed  together 
at  the  top,  from  which  a  pulley  was  suspended, 
formed  the  headgear.  These  rested  on  long  balks, 
the  ends  of  which  were  well  supported,  and  the 
weight  thereby  distributed  to  a  distance  from  the  shaft. 
Upon  the  top  of  the  tubbing  balks  upwards  of  50  feet  in 
length  was  placed,  with  planks  laid  crosswise  to  constitute 
the  platform.  Small  wagons  containing  scrap  iron  were 
ranged  round  the  extremities,   and  the  remaining  space 


maai   my, 

bottom  iqnrRTck.  TUm  wu  luperted  Ham  tuiM.  TA 
tiiia  my  Ae  water  was  effbottuUj  b«Ab  oot;  Int  not  snlil 
it  WM  oonndend  that  the  gmand  IwA  qnite  MttU^ 
WM  tiie  witter  allowed  to  flow  fmit  Am  dinhai^  pipe  ^). 
"Wt  gndoally  added  aluirt  lotgdia  of  Sin.  ^tei  i^  A* 
lAtaft,  oonatitntmg  a  safety  tbIt^  satil  the  maxhaaM 
pTcawne  waa  thnwn  i^wn  tbe  tubbing.  In  ecnioeqiMaM 
til  the  tabbing  haying  beoolne  eo  weekeDod  by  {mottm 
front  ihe  weight  impoeed  npon  it,  and  hsnag  Mtamad 
tariooa  diapn  from  time  to  lim^  wa  wtt%  aw&t 
olear  of  di£Goalty  and  anxiety  until  1]i«  jit  waa  aada 
gtaod;  themnoralot  A»  ptteh  jsna  etnrts  being  attwrfad 
Iftth  oonsiderable  ri^ 

Plan  3  shows  the  displacement  at  the  sereral  depths,  Ae. ; 
and  Plan  4  gives  the  diameters  and  depths  of  each  set  of 
tubbing. 

The  walling  was  completed  February  I5th,  1874. 

The  pit  was  then  sunk  to  the  Ince  4  ft.  mine  and  a 
eommanioation  made  with  No.  1  shaft  for  ventilation. 

We  then  turned  our  attention  to  No,  1  shaft.  I  will 
first  describe  what  we  found  in  the  old  diaft ;  or  rather  the 
means  taken  to  sink  it,  as  far  as  I  could  ascertain.  Flan  S 
gives  the  section, 

At  the  outset  a  wooden  cnrb  A.  formed  of  3  in.  pitch  pine 
planks  nailed  to  oak  rings  4^  in.  square,  was  made  of  half 
the  required  height,  and  was  shod  with  f  in.  wrought  iron 
plating.  This  having  been  run  down  level  with  the  surface, 
the  other  half  was  joined  to  it.  It  was  expected  to  have  got 
through  both  sands  with  this,  but  Plan  6  gives  an  idea  of 
its  incapacity  to  sustain  the  pressure.  What  had  been  a 
circle  of  13  feet,  waa  elongated  to  npwards  of  14  feet  6in. 

A  wrought  iron  curb  B  of  boiler  plates,  leaving  a 
margin    to   allow    of    its  insertion    was   put  in,  bnt  i^ 
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also,  collapsed.  Inside  this,  four  cast  iron  cylinders  0^ 
6  feet  11  in.  outside  diameter,  7  feet  7  in  high,  and  1  in. 
thick,  with  inside  flanges  5|in.,  were,  after  spreading  a 
layer  of  paint  and  oakum,  bolted  together.  The  lowest  was 
without  flange  and  bevelled,  and  was  ultimately  cracked. 

Another  cast-iron  cylinder  D,  5  feet  10  in.  in  diameter,  4 
feet  6  in.  in  height,  with  4  in.  flanges,  was  inserted  inside 
the  "  C  "  cylinders,  and  forced  into  the  marl.  This,  bricked 
flush  with  the  flanges,  formed  the  sides  of  the  shaft.  It 
is  probable  that  "  C  "  cylinder  had  kept  back  the  sand,  but 
owing  to  the  absence  of  a  flange  at  the  bottom,  it  was  unable 
to  resist  the  additional  external  weight,  and,  when  the  marl 
was  removed  from  within,  became  damaged.  These  two  sets 
and  the  wrought-iron  ring  would  be  at  once  blocked  up ; 
small  bricks,  well  set  in  mortar,  being  found  betwixt  them, 
Below  this,  six  oak  rings,  5  in.  deep,  were  laid  on 
each  other,  and  a  wrought-iron  ring  in  5  segments,  bolted 
inside,  but  fiot  diminishing  the  diameter.  Thus  Mr.  Piatt 
secured  his  shaft. 

I  will  now  describe  the  means  which  were  adopted  in 
enlarging  this  shaft. 

The  first  curb  was  of  the  same  pattern  as  No,  3  save 
that  the  cutting  flanges  were  less.  It  was  built  as  high 
as  the  shear  legs  woidd  allow  of,  and  run  down 
to  the  surface,  and  the  remaining  height  then  bolted 
on.  Four  long  poles,  63  feet  in  height,  lashed  together 
at  the  top,  from  which  a  pulley  was  suspended, 
formed  the  headgear.  These  rested  on  long  balks, 
the  ends  of  which  were  well  supported,  and  the 
weight  thereby  distributed  to  a  distance  from  the  shaft. 
Upon  the  top  of  the  tubbing  balks  upwards  of  50  feet  in 
length  was  placed,  with  planks  laid  crosswise  to  constitute 
the  platform.  Small  wagons  containing  scrap  iron  were 
ranged  round  the  extremities,   and  the  remaining  space 


WR8   covered  with  bricks  and  pig  iron.     The  weights  were 

&«  oorb  «ract.  The  oiiH>  weot  ntgidij  liann  Mwik  adwiar ' 
]h^  being  8«iiiad  fay  the  libiatioiioeotiioaiJly  Mm  laaJng 
«l  the  hf^peti,  Ao.  Whan  aboat  tn^mag  4ue  mui  it.Mt 
iOKmd  the  flan^  trf  die  oatten  me  ia  w<Mt  widi  Oe 
wooden  onrb.  Oar  fawk  vu  to  ba  ii9  eMf.  on^  ■•  A* 
eaidre  of  the  mall  ahaft  vaa  not  the  origiBal  aaotaw^C  th« 
nood  oarba  which  had  beaa  pnahad  down  ■WymJj.-T 
Sea  Plana  6  and  7. 

l!ra2onrb,  17  feet  diameter,  vaa  yatn;  Intbeftnjl^ 
tiiird  ring  had  been  oon^eted  it  eaok  aoBuieli  oatolleva^ 
•nd  the  outer  curb  praaaed  ao  againal  it^-  flkat  it.  IwoaiM 
fomlj  jaauned.  It  waa  abandoned  aatd  lal^  m4  blMkal 
vith  oak  where  the  apaoea  would  admit  Two  atifteaiag 
rings,  7in.  high  and  Sin.  broad,  well  bracketed,  were  placed 
1  foot  and  2  feet  respectively  from  it,  and  blocked  solid. 

Theee  prevented  further  collapse.  Short  railway  metals 
(40  lbs.  to  the  yard)  were  introduced  from  segment  to 
segment,  and  wedged  firmly  in  the  pockets,  and  kept  the 
sides  from  bulging.  These  roils  were  chained  to  the  curb, 
lest  tbey  should  become  loosened  and  fall  under  the 
leader.  Another  set  of  curbs,  14  feet  6  in.  diameter, 
was  now  attempted  to  be  commenced;  but  the  aeg- 
ments,  before  two  could  be  bolted  together,  sank, 
until  at  last  we  suspended  them  from  half-a-dozen 
pairs  of  blocks  hung  from  the  outer  curb;  and  wh«i 
we  had  secured  three  rings,  we  let  them  go,  and  afterwards 
built  them  up  to  the  full  distance  they  had  to  run.  Hay 
and  straw  were  tightly  pressed  behind.  We  were  now 
prepared  to  sink.  Xot  much  weight  was  required,  as  the 
curb  could  not  be  sunk  more  rapidly  than  the  obetructione 
could  be  removed.  The  work  waa  tedious,  both  on  account 
of  the  little  room  which  we  had  to  work  in,  futd  t^e  time 


287 

occupied  in  cutting,  with  long  diamond-pointed  chisels,  the 
iron  boiler  plate  which  projected  under  our  sinking  curb. 
Once  or  twice  there  seemed  no  hope  of  success.  The  ground 
broke  near  the  canal,  and  water  found  its  way  into  the 
pits.  Near  to  the  boilers  it  was  subsiding  also,  and  it 
was  feared  that  the  chimney  might  fall.  We  had  taken 
the  precaution  to  shorten  it  by  12  yards.  We  coxdd  have 
no  other  foundation  than  the  bare  surface,  and  previously 
we  had  been  under  the  necessity  to  saw  out  upwards  of 
3  in.  from  one  side  of  the  stack  to  bring  it  erect.  The 
great  point  was  to  remove  no  more  sand  than  that  due  to 
the  area  of  the  pit,  or  failure  was  ensured.  To  have  dis- 
turbed the  pillars  of  the  engines,  &c.,  the  whole  operations 
of  the  colliery  woidd  have  been  suspended.  Our  output 
equalled  nearly  300  tons  per  day  from  No.  2  pit,  and 
realized  the  highest  prices  ever  obtained. 

Upon  the  slightest  symptom  of  outburst  small  bimdles  of 
straw,  well  bound,  were  thrown  into  the  pit,  and  short 
planks  put  over  them,  upon  which  the  men  stood,  and 
counteracted  (the  outer  pressure  being  thereby  relieved,)  in 
some  degree  the  pressure  by  their  weight.  The  water  only 
drained  through,  and  the  sand  was  stopped.  We  had  no 
need  of  pumps.  The  water  was  turned  down  the  tube,  and 
afterwards  pumped  into  No.  2  pit  sump,  and  wound  to  the 
surface  in  tanks.  Provision  had  been  made  for  ventilation 
by  the  drift  from  No.  3  pit,  shoidd  we  be  compelled  to  bolt 
the  lid  upon  the  "  air  tube  "  (Plan  5),  but,  except  upon  one 
occasion,  the  necessity  did  not  arise.  Marl  was  reached 
June  12th,  1874,  after  we  had  been  engaged  upwards  of 
two  months  in  passing  through  the  lower  sand.  The 
method  described  in  No.  3  pit  was  adopted,  and  37  feet  of 
water  tubbing  inserted  before  we  could  commence  walling. 

No.  4  Pit. — ^This  pit  was  commenced  with  tubbing  27  feet 
diameter,  which  was  in  every  respect  much  stronger  than  any 
we  had  hitherto  used.     The  flanges  were  6  in.  broad,  the 


abdkr  to  tiiat  of  Am  mter  toUing. 

The  eotten  mn  mt  diffan&t  to  As  4 
OoepttlwiilHjinniriaoottlw&nea.    i:h»Ho.S«atta% 
Inn  duir  i^ii^  lod  Ulght,  Iiad  ■  tndnejr  i»  vadga  diM^ 

mItm  autwnia.    TIm  ■tnagth.  of  dw  bolti  wm  i iiiiil 

hy  ano  oigjidi  of  u  inabt  and  aix-adad  mta  wvb  mmt, 
Hum  being  mora  rMd%  >BewthL  1^  .i»«fci^y  aU 
not  ezoMd  IuU.«ii-iiHdi,  and  the  ooiIm  bad  bv  <Ky>Mtio» 
t»  bulgo.  Tbo  eirdi  down  to.die  and  wtm  taknu  ont 
8  iMt  in  aKoev  of  A*  diitnetw,  aadtlw  wpmoB  wm  wQ 
fflbd  in&  li^  bndnrood  0^  itnnr.  Tmnty-^fo 
Im(  JB  Imght  of  tabbint  ma  flneted,  nd  fav  logi^  M 
feet  long,  placed  transrerself  upon  it,  earned  the  10  in. 
cylinder  engines  and  four  windlasses.  These  were  worked 
by  four  men,  with  one  spare  man,  and  two  banksmen  to  each 
windlass.  Numerous  assistants  kept  the  water-ways  clear, 
and  conveyed  the  dry  and  aolid  sand  away  to  a  oon- 
aiderable  distance  from  the  shaft.  Two  sinkers  were  specially 
employed  at  each  pump  foot,  the  pumps  taking  the  lead 
about  8  or  10  in.  The  greater  proportion  of  the  sand  was  by 
this  means  sent  out  dry.  One  man  was  engaged  solely 
tightening  the  bolts. 

The  whole  of  the  three  different  sets  of  tubbing  were  deli- 
Tered  before  sinking  operations  commenced,  and  those  were 
used  lor  weighting  by  placing  them  inside  (bolted  together), 
close  to  the  circumference.  This  length  being  run  down,  the 
remaining  15  feet  were  added,  and  the  platform  and  wind- 
lasses again  restored.  In  less  than  six  days  we  had  run 
through  the  upper  sand — viz.,  9  yards.  When  the  curb  was 
sufficiently  embedded  in  the  marl,  piles  8  in.  broad,  3  to  4 
feet  long,  were  driven  laterally  under  the  cutters,  to  prevent, 
if  posnble,  Ko.  1  curb  from  gtnng  lower  whan  the  second 
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Band  was  disturbed.  The  marl  was  bricked  up  from  a 
wooden  ring,  as  described  in  No.  3  pit.  Another  length  of 
tubbing  was  put  inside  this  brickwork,  and  suspended  from 
No.  1  curb.  The  main  object  was  to  keep  back  side-pressure, 
so  that  the  next  course  of  tubbing  might  have  to  compete  only 
with  its  own  pressure.  From  the  marl  a  borehole  was  put 
down  9  yards.  Finding  layers  of  white  sand  and  loam, 
in  lieu  of  quicksand,  it  was  thought  to  be  probable  that 
the  lower  sand  had  been  washed  out;  but  we  were  doomed  to 
disappointment.  We  were  then  20  yards  deep  (the  total  depth 
of  the  other  pits),  with  the  lower  sand  beneath  us.  Within 
a  foot  of  it,  we  inserted  35  feet  of  tubbing  24  feet  diameter; 
and  suspended  within  this,  from  sets  of  blocks  himg  five 
feet  apart,  two  rings  of  segments,  making  10  feet  vertically 
of  19  feet  diameter,  for  immediate  readiness,  should  No.  2 
curb  not  accomplish  its  object.  Between  the  first  and  second 
curbs  straw  and  litter  were  well  stemmed  down.  No.  1  curb 
was  strengthened  with  timbers  and  metals  (70  lbs.  to  the 
yard). 

A  double-acting  Cameron  pump,  with  separate  deliveries, 
but  connected  with  the  rising  main  by  two  taps,  so  that 
one  engine  could  be  overhauled  and  washed  out  whilst 
the  other  was  in  motion,  greatly  added  to  our  success.  The 
sand  in  the  ascension  pipe  was  kept  moving,  and  in 
solution,  and,  consequently,  coidd  not  deposit  itself  on  the 
clacks. 

The  clacks  had  more  lift,  and  the  valves  were  of  india- 
rubber  one  inch  thick.  This  engine  could  not  only  pump 
sand  of  great  consistency,  but  would  pump  pieces  of  coal  as 
large  as  two  walnuts.  One  of  these  pumps  was  placed 
8  feet  from  the  bottom,  and  the  other  11  feet  higher  up, 
on  the  opposite  side,  both  being  within  No.  2  curb. 
Another  pair  of  Cameron's  pumps  were  ready  on  the 
surface  if  required.    The  hauling  engines  were  those  used 


at  So.  1  pit,  flu  n^  beong  ooadmted  (180  yuds)  bam 
dunee  on  nigalatmg  poUiet.  Gahuuaad  tabai,  11  im. 
diuMtar,  fonaed  the  aftaiking-trampat,  and  nn  fromtht 
bottosa  of  the  AaA  into  the  engni»-lioon.  B  j  Aia  aem 
the  oDginMr  omld,  vithoot  difimilfy,  hear  dl  tiiat  mt 
going  cm. 

Weight  wa>  now  added,  mm  hwwtoforedaeoribad,  hjplaiog 
hrioks  over  the  enginei  a*  high  a*  theitntohan  aocoM  ]|[o.  1 
eaib  woold  admit.  Wnking  iraa  oonunenoedt  and  in  tvi 
day*  the  hnrer  wnd  mm  ran.  thnmgh.  The  pompa  gam 
ereiy  aatiafaotioo.  So  mter  tabbing  ma  za^oirad,  the 
Iriokwo^  being  laid  >&  oement.  The  total  voiglit  tt 
tabbing  wu  2£6  tou  fi  owb  Iqr.  IDk    . 

The  pit^  when  nosredi  wai  31  laat  in  ifiawittw  at  tii* 
■nr&oe.  oontraoted  to  16  feet  4  in.,  its  amalleet  diameter,  at 
a  depth  of  40  yards. 

The  Discuetion  waa  adjourned  until  the  paper  ia  in  the  kaadt 
of  the  Members. 


NOTES  ON  THE  MORE  RECENT  DISCOVERIES 

IN  THE  CRESSWELL  CAVES. 

Bt  THB  Rev.  J.  M.  Mbllo,  M.A.,  F-G-S. 


It  will  perhaps  be  remembered  that  some  time  age  a 
sketch  of  the  earlier  discoveries  made  at  Gresewell  was  read 
before  this  Society.  The  object  of  the  present  commnnioa- 
tion  is  to  give  a  brief  account  of  the  concluding  portion  of 
the  work  of  exploration.  In  doing  this  I  must  in  the  first 
place  sum  up  as  shortly  as  possible  the  general  results 
gathered  from  the  researches  in  the  Robin  Hood  and  Church 
Hole  Caves  as  by  so  doing  we  shall  be  able  to  understand 
clearly  the  bearing  of  the  additional  facts  obtained  from  the 
Gave  known  as  Mother  Grundy's  Parlour. 
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The  Pin  Hole  Caye«  although  numerous  mammalian 
remains  of  great  interest  were  found  in  it,  need  not  now  be 
particularly  referred  to,  as  the  more  important  results  have 
been  derived  from  the  larger  caves  the  Robin  Hood  and  the 
Church  Hole.  Both  of  these  contained  a  well  defined 
sequence  of  beds  which  may  be  correlated,  there  being  a 
close  similarity  between  the  deposits  found  in  them,  and 
which  were  in  all  probability  synchronous.  In  general 
terms  these  beds  may  be  described  in  descending  order  as 
follows : — 

1.  Surface  soil  a  few  inches  thick. 

2.  Stalagmitic  breccia  varying  in  thickness  from 

a  mere  film  to  three  feet. 

3.  Cave  earth  from  3  ft.  to  4  ft. 

4.  Red  sand  and  clay  about  3  ft. 

6.   Light  sand,  forming  the  original  decomposed 
rocky  floor  of  the  caves* 

The  thicknesses  and  also  to  some  extent  the  mineral  com- 
position of  these  several  beds  varied  in  different  parts  of  the 
caves,  the  breccia  for  instance  was  in  places  entirely  absent 
and  was  represented  by  an  increased  thickness  of  the  cave 
earth.  The  stalagmite  which  was  in  one  part  of  a  cave  pre- 
sent in  large  quantities  cementing  the  fallen  blocks  of  lime- 
stone into  a  dense  mass,  in  another  part  was  a  mere  decomposed 
film.  Still  throughout  these  two  caves  the  general  character  of 
the  beds  was  tolerably  imiform.  In  these  beds,  with  the 
exception  of  the  uppermost  layer  of  surface  soil,  numerous 
remains  of  the  Pleistocene  mammalia  were  found  in  conjunc- 
tion with  the  implements  of  Palaeolithic  man. 

The  list  of  animals  represented  in  these  caves  is  both  a 
long  and  a  remarkable  one,  and  if  we  include  the  Pinhole 
Cave,  besides  man  we  have  the  remains  of  no  fewer  than  19 
species  of  mammalia.     These  are: — 


I 


1. 

8.  Fdumlm WiU<3at 

4.   Fdi*  pwdw Leopud. 

0.   Mutd*  pirtoriaa    PoIaotL 

6.  Hy«ta  orooate Spotted  Hynaa. 

-    7.  Canifl  vnlpn Fox. 

'    8.  Oanislagopna ArotieFox. 

9.  Omuhipiu Wqli. 

10.  Gtaio  lasoaa Qlatton. 

11.  TTrauarotofl   .:. BromtBou. 

13.  TJniuferoz    Oriiily  BoAr. 

18.  Oemutanndtu Bcindeer. 

14.  Oemu  mdgaoeroa Iruk  KDc 

15.  Bison  prtiSonB Bison. 

16.  Equus  caballiu Horse. 

17.  Khinoceros  tichorinus    .  ,  Woolly  Khinocoros. 

18.  Elephas  primigenius  ....   Mammoth. 

19.  Lepus  timidus    Hare. 

An  examination  of  the  hones  and  teeth  of  these  varions 
animals  shows  that  some  species  were  far  more  abundant 
than  others,  and  also  that  slight  changes  in  the  fanna  of 
the  district  probably  took  place  during  the  time  represented 
by  the  accumulated  deposits  in  the  caves;  and  it  is  also 
probable  that  not  only  in  this  particular  dittrict,  but  over  a 
very  wide  area  in  this  country,  if  not  in  other  parts  of  the 
continent  of  which  we  then  formed  part,  the  wild  fauna  was 
everywhere  represented  by  certain  predominant  species. 
Professor  Dawkins  has  pointed  out  thot  at  "Wookey  Hole,  as 
well  as  at  Creswell,  hyEonas,  rhinoceroses,  horses,  and  rein- 
deer were  most  abundant  among  the  lower  animals;  and  1 
believe  similar  evidence  is  furnished  by  other  localities. 

During  the  whole  period,  in  which  the  various  layers 
of  clay,  and  sand,  and  earth,  etc.,  were  being  formed  in  the 
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caves,  it  appears  that  man  was  present  as  a  contemporary  of 
the  above  named  animals  in  the  Creswell  district,  in  each 
bed  as  it  was  successively  examined,  implements  of  human 
workmanship  were  found  in  intimate  association  with  the 
Mammalian  bones,  and  it  is  the  connection  of  man  with  the 
fauna  of  this  period,  and  the  evidence  furnished  by  the 
Creswell  caves  regarding  the  early  stages  of  human  culture 
in  North  Westen  Europe,  that  has  given  the  discoveries  we 
have  been  enabled  to  jnake,  their  great  importance.  Simple 
and  rude  implements  of  quartzite  which  were  the  only  ones 
found  in  the  lowest  deposits  of  the  caves  mark  the  earliest 
appearance  of  the  old  Palaeolithic  savage  in  this  district, 
that  he  belonged  to  the  same  race  which  has  left  the  some- 
what similar  implements  in  the  lowest  beds  of  some  other 
caves  in  this  country,  and  also  in  France,  as  well  as  in  the  river 
gravels,  there  can  be  I  think  little  doubt ;  little  by  little  a 
certain  progress  in  the  art  of  implement  making  is  observed, 
flint  roughly  chipped,  gradually  supersedes  the  more  clumsy 
quartzite  pebble,  and  as  we  rise  from  the  lower  beds  of  the 
caves  to  the  overlying  cave  earth  and  breccia,  this  advance 
in  "  primitive  culture "  becomes  strikingly  manifest,  the 
carefully  trimmed  flake,  the  spear  or  arrow  head,  the  delicate 
flint  boring  tool  and  other  implements  and  weapons  entirely 
supersede  the  quartzite  hammers,  and  rough  flakes  or 
splinters  of  the  first  human  inhabitants  of  the  caves,  whilst 
the  bone  awl,  and  needles,  and  the  evidence  of  a  certain 
amount  of  artistic  perception  manifested  by  the  engraving 
of  a  horse's  head  on  bone,  enables  us  to  correlate  these  later 
cave-dwellers  with  the  hunters  and  fishermen  of  La  Made- 
leine and  other  foreign  caverns,  whose  wandering  steps  took 
them,  some  along  the  southern  valley  to  Kent's  Hole,  others 
along  the  course  of  the  great  eastern  river  and  its  tributaries, 
as  far  as  the  forest  district  of  Nottinghamshire  and  Derby- 
shire.    Here  whilst  pursuing  the  horse  and  the  reindeer,  or 


mtbmon  fanakUMa  ■aHywiifc  «>■  ■Mi(g»;*jiMi,  ij 
othar  wraivamroald  not  be  drircn  hMmi*  MM*  nBMBtrf 
fiflBoalty  from  their  iutoenM  in  the  flnrw  nd  i^cu  ol  An 
Aneet,  and  it  vDdd  be  not  oofy  the  hyn»  id  the  vaH 
that  mu  mnild  atoonntar  in  hk  diiifti^i  te  Ut  eufy  «ne 
dmUing;  hot  the  beer  and  tiie  Uoa  and  ef«i  the  dieeded 
Keoheirodiu  woold  tunr  and  again  ofipiMe  him.  nat  Ai» 
httar  aainud  waa  Uving  dnring  Pleutovne  tiiBM  m  Bogfail^ 
tlian  een  I  think  be  HtUa  dooht,  aUhngh  whMi  tet  veeog- 
niiad  anunnt  Iha  anJiniiTf  fmnd  in  Kost^a-hsfa^  It  vaa  esn> 
ipd««d  that  it  might  alter  all  be  aa  aeddMtal  eeavHMe 
thBM  of  a  foaril  (tf  nsMosDe  ag%  it  hat  bem  pbead  btyoad 
dmbt  tiiat  the  iwntinm^f^t  PletooeBe  VmttK^Mtm  VM^  ttt 
a  different  apeciee,  the  Hachairodoe  UtideoB,  the  only  apeeiea 
of  Pleistoceae  age  differs  in  fieveral  important  particulan, 
eepeoially  in  its  dentition  from  the  cultridena  of  the  pr^ 
ceding  period,  at  the  same  time  it  appears  to  have  been 
a  somewhat  rare  visitor,  beaidea  Kent's  hole,  Creswell  is  the 
only  other  British  locality  of  late  Pleistocene  age,  where 
it  has  been  discovered,  and  in  France  &e  only  bnown 
remains  have  been  found  in  a  river  deposit  in  Auvergne, 
and  in  the  Jnra,  in  the  cave  of  Baume.  Whether  with 
his  stone  weapons,  man  always  proved  victorious  in  his 
strife,  we  cannot  tell,  but  from  the  presence  of  hysena 
remains  in  the  caves  in  all  the  various  beds,  it  appears 
that  they  could  only  have  been  temporarily  occupied  by  men, 
and  that  the  hyaenas  and  other  wild  beasts  of  prey,  were 
their  more  constant  inhabitants. 

We  will  turn  our  attention  now  to  the  cave  which  has 
been  last  explored — Mother  Grundy's  Parlour.  From  oar 
previous  inspection  of  this  cave  and  the  unmistakable  evi- 
dence it  presented  of  having  been  considerably  disturbed  at 
various  times,  we  were  deterred  at  first  from  imdertaking 
its  exploration ;    bnt  towards  the  end   of   187S   Professor 
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Dawkins  called  my  attention  to  the  fact  that  teeth  of  the 
hippopotamus  had  been  recently  found  there  by  Messrs. 
I>u£^  and  Gtdn,  and  he  proposed  that  we  should  without 
any  further  delay  dig  the  cave  out.  This  was  done  under 
the  careful  superintendence  of  Mr.  Ejiight,  of  Owens 
Oollegey  and  with  results  of  considerable  interest,  as  the 
beds  found  in  this  cave  seem  to  take  us  back  to  a  yet  earlier 
period  in  the  history  of  GresweU  than  that  which  has  been 
traced  in  connection  with  the  other  caves. 

Mother  Grundy's  Parlour  is  a  small  shallow  chamber  in  a 
crag  near  the  eastern  extremity  of  the  ravine.  It  is  only 
some  35  feet  deep  by  22  feet  in  width  ;  but  in  its  eastern 
side,  near  the  back,  a  small  fissure,  about  4  feet  wide  by 
2  feet  6  inches  high,  was  seen  to  be  blocked  up  by  earth 
and  rock,  and  this  cavity,  when  opened,  proved  to  be  a  long 
narrow  passage,  which  in  our  report  has  been  called 
Chamber  B. 

In  the  principal  Chamber  A,  the  greater  part  of  the  old 
surface  soil  had  been  dug  into,  and  was  untraceable,  but  on 
the  western  side  of  the  chamber  a  certain  portion  of  it  still 
remained  in  situ ;  it  was  but  a  few  inches  thick,  and  con- 
tained fragments  of  burnt  bone,  charcoal,  and  at  its  base  a 
considerable  amount  of  flint  flakes  or  chips.  Below  this 
superficial  layer  a  bed  of  reddish  sandy  earth  was  found,  of 
variable  thickness,  the  maximimi  being  about  3  feet  6  inches, 
opposite  to  the  mouth  of  Chamber  B.  It  was  here  that  the 
principal  section  was  obtained,  and  also  this  was  the  locality 
of  the  more  important  finds  yielded  by  this  cave.  The 
sequence  of  the  beds,  as  observed  at  this  point,  was  as 
follows : — 

1.  Surface  Soil 4  inches. 

2.  Red  Sand 3  feet. 

3.  Bed  Clay 6  inches. 

4.  Ferruginous  Sand    1  foot. 

5.  White  Sand P 

w 


The  red  sandy  earth  of  this  cave  waa  found  to  coqIbui 
remains  of  tlie  bison,  reindeer,  bear,  wolf,  fox,  and  hyena, 
and  the  evidence  of  the  occupation  of  the  cave  by  the  latter 
animal  wa»  well  marked  by  the  presence  of  its  coprolitea  in 
large  quantities,  A  few  quartzite  implements  occurred  with 
the  bonea  and  teeth  in  this  bed.  There  seems  to  be  little 
doubt  that  in  correlating  the  deposits  in  Alother  Grundy's 
Parlour  with  those  of  the  other  caves,  we  must  consider  this 
sandy  cave  earth  as  the  equivalent  of  the  red  sand  No,  4  in 
those  caves. 

It  is  in  the  underlying  beds  of  red  clay  and  ferruginous 
sand  that  we  are  introduced  to  an  earlier  stage  in  the  animal 
life  of  the  dislrict.  The  sandy  deposit  seemed  to  occupj' 
a  sort  of  depresaioa  about  the  mouth  of  chamber  B,  It 
was  a  calcareous  sand,  much  stained  ivith  iron,  and  in 
places  the  ferric  oxide  had  formed  ooncretiona  in  the  sand. 
In  this  bed  Professor  Dawkins  and  myself  were  fortunate 
enough  on  the  first  day  of  our  digging  to  obtain  several 
teeth  of  the  hippopotamus  in  fine  preservation,  and  sub- 
sequently other  teeth,  including  some  of  the  large  tusk-like 
incisors,  and  also  some  fragments  of  the  skull  and  other 
bones  of  at  least  three  young  adults  were  met  with,  vith 
them  were  skulls  and  jaws  of  the  hytena,  and  some  teeth 
and  bones  of  the  bison,  and  the  teeth  also  ol  the  rhinooeros 
leptorhinus  (Owen). 

Turning  to  chamber  B  it  presented  no  particularly  uew 
features.  It  was  filled  nearly  to  the  roof,  in  places  quite  to 
the  roof,  with  deposits  similar  to  some  of  those  just 
described, — viz.,  the  red  sandy  earth  and  the  clay,  the  chief 
difference  consisting  in  the  absence  of  the  surface  soil,  of  the 
lower  ferruginous  sand,  and  also  in  the  greater  thickness  of 
the  red  clay.  The  clay  at  the  entrance  to  this  chamber 
contained  the  remains  of  hysena,  bison,  hippopotamus,  and 
rhinoceros  leptorhinus.    No  trace  of  man  was  met  with  in 


297 

the  deposit  of  ferruginoos  sand  and  clay,  wliicli  doubtless 
represent  the  earliest  period  of  which  any  remains  now 
eodst  in  the  Creswell  Caves,  a  period  when  the  hjrsenas  were 
perhaps  less  numerous,  judging  from  the  more  perfect 
condition  of  the  bison  and  other  remains,  and  a  period 
when  man,  although  possibly  present  in  other  parts  of  the 
country,  had  not  as  yet  found  his  way  to  Creswell.  The 
pleistocene  history  of  this  district  appears  now  to  be  tolerably 
complete;  we  are  led  back  to  the  early  stage,  when  the 
hippopotamus,  together  with  the  leptorhine  rhinoceros  and 
the  elephas  antiquus,  the  remains  of  which  latter,  however, 
we  have  not  met  with  at  Creswell,  were  able  to  find  their 
way  imimpeded  along  the  various  river  valleys  of  this 
country,  even  as  far  to  the  north  and  west  as  Kirkdale, 
Settle,  and  Raygill,  in  Yorkshire,  when  the  climate  was 
not  so  cold  as  it  appears  to  have  become  at  a  somewhat 
later  date,  when  the  reindeer,  the  glutton,  the  woolly 
rhinoceros,  the  mammoth,  and  the  horse  made  their 
appearance,  together  with  roving  tribes  of  the  human 
family,  the  orderly  sequence  of  beds  in  the  Creswell  Caves 
enables  us  to  trace  as  it  were  step  by  step  the  progress  of 
mankind  in  this  district,  and  to  picture  to  ourselves  some  of 
his  surroundings. 

There  is  only  one  other  point  that  need  be  brought  before 
you,  and  that  is  the  discovery  of  fragments  of  four  human 
skeletons  in  the  red  sand.  Two  of  the  skulls  found— one  in 
chamber  A,  the  other  in  chamber  B — belong  to  two  different 
tjrpes,  the  former  being  Brachycephalic,  the  latter  Dolicho- 
cephalic. It  is  tolerably  certain  that  neither  of  these  skulls 
can  be  considered  to  have  been  contemporaneous  with  the 
extinct  fauna.  They  may  have  belonged  to  the  subsequent 
Neolithic  age,  to  which,  also,  various  bones  of  animals  found 
scattered  in  the  same  bed  may  perhaps  be  in  part  assigned. 
The  fox  and  the  badger  have  much  disturbed  this  deposit 


at  different  times;  and  even  in  chamber  B,  where,  owing  to 
its  complete  filling  up  by  the  Tarioiia  beds,  it  seems  to  have 
been  impossible  that  man  could  in  any  recent  period  have 
found  access,  yet  the  human  remains  may  have  been 
carried  there  by  the  fox  and  the  badger  at  a  period  posterior 
to  that  when  the  btson  or  the  hjHona  was  an  inhabitant  of 
the  district. 

Amongst  the  more  recent  animals,  the  remains  of  which 
were  found  scattered  here  and  there  in  the  upper  portions  of 
the  floor  of  Mother  Grundy's  Parlour,  were  the  wild  cat,  the 
dog,  the  fox,  the  marten,  the  badger,  the  stag,  the  roe,  the 
homed  sheep  and  goat,  the  'Celtic  shorthorn,  the  pig,  the 
hare  or  rabbit.  No  trace  was  found  in  this  cave  of  the  pre- 
sence of  the  Roman  civilisation,  some  relics  of  which  were 
preserved  in  the  surface  beds  of  the  Robin  Hood  and  Church 
Hole  Caves,  which  were  doubtless  made  use  of  by  the  per- 
secuted refugees  during  the  disturbed  period  which  followed 
upon  the  withdrawal  of  the  Roman  legions,  when  theunwarlike 
though  semi-civilised  Britons  were  left  a  prey  to  number- 
lees  hordes  of  invaders,  which  they  were  powerless  to  resist. 


PaoFESsoR  Boyd  Dawkins  said  I  have  here  upon  the 
table  a  few  of  the  specimens  which  have  been  alluded  to 
this  afternoon.  In  the  first  place,  I  would  just  ask"  your 
attention  to  this  very  remarkable  series  of  remains  of  the 
hyeena,  which  were  found  in  the  lowest  bed,  along  with  the 
remains  of  the  hippopotamus.  There  is  also  another  speci- 
men which  I  should  like  to  put  before  yon.  I  have  no  doubt 
that  some  here  are  perfectly  aware  that  certain  hard  words — 
which  fortunately  break  no  bones, — ^have  been  drawing 
attention  to  these  Creswell  explorations  in  the  Manchester 
press ;  and  the  hard  words  have  more  particularly  attached 
to  two  things,  which  have  been  alluded  to  this  afternoon. 
One  is  the  discovery   by   Mr.    Mello  of    the   remarkable 
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engraved  bone ;  the  other  relates  to  tiie  diaeoyery  of  the 
Machairodus  by  myself,  and  in  both  of  these  cases  it  is 
insinuated,  that  there  was  a  "  fraud,  or  hoax,"  or  "  pla^t," 
or  something  of  that  kind  concocted  by  some  one  or  another. 
The  principal  groimd  on  which  those  statements  were  made, 
is  that  the  Machairodus,  was  perfectly  dry,  and  without 
matrix  at  the  time  when  I  first  of  all  showed  it  to  those 
persons  who  have  used  the  hard  words.  Now,  with  regard 
to  the  first  point,  I  assert  that  the  specimen  was  not  dry,  but 
was  wet — so  wet  that  unfortunately  when  I  brought  it  home, 
it  split  to  pieces  in  drying ;  and  if  any  of  you  care  to  examine 
the  specimen  you  will  see  where  it  has  been  joined.  With 
regard  to  the  second  point,  that  relates  to  its  perfect  clean- 
ness and  the  absence  of  matrix.  I  assert  also  that  the  matrix 
is  ill  attached  to  it.  If  you  examine  the  serrated  edges,  you 
will  see  the  red  earth  sticking  to  it,  as  it  was  at  the  time  of 
discovery.  With  regard  to  the  asssertion  that  there  was  no 
red  sediment  in  that  place, — I  think  Mr.  Mello  has  satisfac- 
torily disposed  of  that  by  the  consideration,  that  this  chocolate 
coloured  deposit  when  wet,  is  very  frequently  red.  As  far 
as  my  own  experience  goes,  when  that  material  which  dries 
a  chocolate  colour,  is  wet,  it  is  red.  If  you  compare  the  speci- 
men with  the  rest  on  the  table,  you  will  at  once  see  that 
the  matrix,  and  the  whole  appearance  is  of  the  same  sort  as 
the  appearance  and  matrix  and  condition  generally  of  the 
other  remains  found  along  with  it.  With  regard  to  the 
range  of  the  Machairodus,  I  would  add  two  localities  to 
those  which  my  friend  has  put  before  you.  The  Machairodus 
is  a  geniis  which  began  to  live  in  the  Meiocene  age,  in 
America  and  in  Europe.  In  the  Pleiocene  period  we 
have  several  species  ranging  over  France  and  Italy,  and 
also  living  in  this  coimtry.  In  the  forest  bed  of  Cromer, 
Prof.  Bay  Lancaster  has  determined  one  solitary  specimen 
of  Machairodus  latidens.     Mr.  Mello  has  already  mentioned 


to  you  that  the  ammal  has  been  met  with  in  Kent's  Hole  j 
and  it  is  rpmarkablc  that  the  three  teeth  discovered  there 
Bhoiild  be  most  extraordinarily  like  that  we  found  in  the 
Oreswell  Care.  It  has  been  found  also,  as  Mr.  Mello 
obaerves,  in  two  places  in  Franc? ;  and,  lastly,  the  only 
specimen  which  I  have  been  able  to  detect  in  any  other 
collection  in  any  part  of  Europe  is  in  the  museum  ot 
Florence,  There  I  saw  in  187*J  a  most  admirable  specimen  of 
MachairodiiH  latidem  which  hod  been  obtained  from  the 
Plfiiocona  of  that  district. 

''Hie  animd  mat  Iivra  been  saoeaSbiJ^  "MMi^  or  ira 
vimld  hare  more  traou  of  It;  and  it'' il'  tsa  "tttnHndib- 
Iby  thing  Ost  ire  dibtU  not  meet  iHa  iny  t^er  vemaiu 
ttt  tt^-this  ooontty  tlun  mer%>  lett^  tteOt— pei^u|» 
M  many  teeth  aa  yoa  may  oonnt  v:paa.' ytmx  fingers. 
Certainly  not  more  than  ten  teeth  have  been  discoTered 
altogether  in  this  country,  belonging  to  the  Pleiooene  and 
Pleistocene  age.  It  is,  therefore,  exceedingly  interestiiig  to 
be  able  to  prove  that  tltia  animal  was  an  inhabitant  of 
the  Cresswell  region  in  the  Pleistocene  age. 

The  sequence  of  events  in  these  caverns,  as  Mr.  Mello 
has  pointed  out,  constitute  their  chief  interest.  We  have 
met  with  these  remains  in  various  parts  of  this  country  and 
of  France,  in  separate  caverns,  but  it  was  not  until  the 
deposits  at  Cresswell  were  brought  into  correlation  one  with 
another  that  we  had  definite  and  precise  evidence  of  the  se- 
quence. We  did  not  know  until  we  had  this  series  of  remains 
in  Mother  Orundy's  Parlour,  that  the  hippopotamus  and  the 
leptorhine  rhinoceros,  the  hyiena  and  the  like,  really  were  in 
this  part  of  the  world  before  the  reindeer  and  other  creatures 
were  here.  Of  course  it  had  been  guessed  at  before, 
but  this  is  the  first  bit  of  direct  evidence  we  have  in  this 
country;  and  I  have  no  doubt  as  cave-exploration  goes  on 
(and  I  am  sure  there  are  plenty  of  caverns  to  be  explored 
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in  varioufi  parts  of  this  country^)  that  that  sequence  will 
be  proved  in  other  places. 

Mr.  Plant  considered  that  as  the  alleged  finding  of  the 
Machairodus  tooth  was  still  a  controverted  subject  it  was 
not  fair  to  introduce  it  at  this  meeting,  when  the  contend- 
ing parties  on  the  other  side  (especially  Mr.  Thomas  Heath, 
of  Derby),  had  no  notice  of  the  intention  and  no  invitation 
to  be  present. 

The  Chairman  (Mr.  Binney)  said  that  when  the  paper 
was  printed  he  was  sure  the  Society  (as  they  were  always  in 
the  habit  of  doing)  would  be  glad  to  hear  and  to  discuss 
what  might  be  said  on  the  other  side. 

Mr.  Pennington  asked  Mr.  Mello  whether  he  supposed^ 
seeing  the  nature  of  the  deposit  in  which  the  leptorhine 
rhinoceros  and  the  hippopotamus  were  found,  they  might 
have  been  introduced  by  the  hysBna,  or  whether  they  were, 
in  his  opinion,  introduced  by  the  action  of  water.  He  under- 
stood, from  Mr.  Mello's  description,  that  they  were  found  in 
the  thick  clay  deposit,  which  might,  and  probably  was  the 
result  of  the  gradual  percolation  of  water.  That  question 
he  can  easily  answer  by  stating  the  character  of  the  bones — 
how  far  they  bear  marks  of  the  dental  operation  of  hysanas 

Mr.  HoRSFALL  said  the  most  interesting  part  of  the  paper, 
to  him,  was  that  relating  to  two  himian  skulls.  The  dis- 
covery of  human  remains  in  caves  in  this  part  of  the  country 
was  rare.  They  were,  however,  found  at  Creswell,  and  their 
character  was  described  by  Mr.  Mello.  The  question  which 
occurred  to  him  was  whether,  if  the  hysonas  could  drag  into 
the  caves  such  large  animals  as  the  rhinoceros,  and  devour 
them,  there  was  not  an  equal  probability  that  they  would 
also  drag  in  human  beings?  On  a  previous  occasion  he  put 
this  to  Professor  Dawkins,  and  the  explanation  as  to  why 
gnawed  human  bones  were  not  found  was  that  these  bones 
might  have  been  entirely  devoured  by  the  hyeenas.    If  that 
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supposition  was  correct,  the  discovery  at  Cre«well  of  humoa 
remains  was  very  romarkabie,  and  added  very  materially  to 
the  interest  of  Mr.  Mello's  paper. 

Mr.  Mello  said  that  the  remaina  alluded  to  were  found 
near  the  surface,  and  in  disturbed  soil. 

The  GuAiRMAN  thought  the  locality  of  Cresswell,  with  its 
small  stream,  a  very  unlikely  one  for  the  hippopotamus  to 
have  lived  in.  Then  how  so  huge  an  animal  could  have 
been  dragged  into  the  cave  by  hyieuas  was  u  very  difficult 
subject. 

Mr.  Pennington  said  the  hippopotamus  had  been  found 
Id  a  still  more  unlikely  locality,  namely,  Dove  Holes,  near 
Buxton. 

The  Chairman  said  the  only  specimen  he  ever  heard  of 
from  Dove  Holes  was  brought  to  the  Society  by  Mr.  James 
Meedows,  who  presented  it  to  them.  He  (Mr.  Binney)  went 
many  times  to  the  place  to  get  the  history  of  that  task.  It 
was  said  to  have  been  found  in  some  sort  of  a  crevice,  and 
t^t  was  all  the  information  he  oould  get. 

ProfeBBor  Dawkins  :  With  regard  to  the  occurrence  of 
human  bones  in  oaves,  in  this  country,  as  for  as  I  know 
only  one  solitary  human  tooth  has  been  discovered  in  any  of 
the  ossiferous  deposits  of  the  Pleistocene  age;  but  in  France 
there  are  several  caves  in  which  fragments  of  human 
bones  have  been  met  with.  In  no  cose,  however,  has  a 
perfect  human  skeleton  been  met  with  belonging  to  this 
age.  I  can  account  for  it  only  by  suppoeiDg  that  men  were 
very  scarce  and  hycenas  very  abundant,  and  that  they  ate 
most  of  the  men  ap.  With  reference  to  the  hippopotamus 
remains  being  found  in  the  caves,  it  was  the  habit  of  the 
hysena  to  hunt  in  packs,  and  there  was  nothing,  to  my 
mind,  impossible  in  a  pack  of  hysnas  mastering  a  hippo- 
potamus or  any  other  big  animal  and  dragging  its  body  into 
a  cave. 
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Mr.  Mark  Stirhup  enquired  whether  it  was  not  possible 
for  the  bones  in  question  to  have  been  introduced  into  the 
cave  by  the  action  of  water. 

Mr.  Penninoton  said  he  would  like  to  ask  Mr.  Mello 
whether  the  fissure,  shown  in  his  section,  was  not  very  much 
lower,  horizontally,  than  the  mouth  of  the  cave.  The 
question  put  by  Mr.  Stirrup  bore  somewhat  on  this,  for  it 
appeared  to  him  if  the'  bones  were  carried  into  their  resting 
place  by  water  at  all  it  was  by  water  which  flowed  down 
the  valley,  past  the  mouth  of  the  cave.  It  struck  him  that 
that  was  the  more  likely  way  of  their  getting  into  the  cave 
than  through  any  fissure  from  above 

Mr.  Mello  :  I  think  Mr.  Pennington  is  right  there. 
The  fissure  is  lower — if  it  is  to  be  called  a  fissure — lower  as 
to  its  roof  than  the  roof  of  the  main  cave ;  and  as  far  as  I 
could  see  there  is  no  trace  of  the  fissure  extending  upwards. 
It  seems  to  be  a  solid  flattish  roof.  The  long  chamber 
ended  abruptly,  and  bore  no  trace  of  being  continued  to  the 
8ui*face.  I  think  there  can  be  no  doubt,  from  the  presence 
of  the  hippopotamus  in  this  and  other  districts  in  the 
interior  of  England,  that  the  rivers,  at  that  period,  were 
far  greater  in  volume  than  they  are  at  the  present  day. 
The  hippopotamus  could  never  get  up  the  little  stream 
which  now  flows  through  the  ravine ;  It  would  then  be  a 
river  of  considerable  size,  and  subject  to  periodical  or 
occasional  floods ;  and  those  floods  might  wash  the  remains 
of  animals — ^the  hippopotamus  and  some  of  the  others — into 
the  cave,  whilst  at  the  same  time  it  is  not  at  all  improbable 
that  remains  of  the  same  and  other  animals  might  be 
dragged  there  by  the  hyaenas,  as  well  as  carried  there  by  the 
floods.  Professor  Dawkins,  I  think,  has  answered  the  chief 
points  with  regard  to  the  human  remains  foimd  in  the 
caverns,  and  he  has  himself  suggested  another  reason  why 
the  bones   should  be  very  few  and   far  between — that  is 


owinp  to  the  probable  habits  of  those  early  men.  If  they 
were  u  race  in  any  way  connected  with  the  Esquimuux  of 
the  present  day,  as  seems  not  improbable,  then  their  habits 
would  be  similar  to  those  of  the  Esquimaux :  they  would 
never  bury  their  dead,  but  leave  them  exposed,  to  be  carried 
away  or  torn  to  pieces  by  wild  beasts,  My  paper  is  simply 
intended  to  bring  forward  the  later  discoveries  at  Creswell 
and  thereby  complete  the  previous  paper  read  before  the 
Society  in  1876. 
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and  Philosophical  Society's  Rooms,  George  Street,  Man- 
chester ; 

E.  W.  BiNNBY,  Esq.,  F.R.S.,  Vice-President, 

in  the  Chair. 

Mr.  Richard  Barton,  jun.,  Westleigh  Lodge,  Leigh,  near 
Manchester ;  Mr.  John  Thomas  Boot,  Mining  Engineer, 
Westfield  House,  Sutton,  near  Mansfield;  Mr.  Theodore 
Drayton  Grimke,  jun.,  Clifton  and  Kearsley  Collieries,  near 
Manchester ;  Mr.  John  Speakman,  Colliery  Proprietor,  The 
Walmsleys,  Leigh,  near  Manchester,  were  elected  ordinary 
members. 


ON  CONCRETIONARY  NODULES  OF  LIMESTONE, 

AND  FOLIATED  MOULDINGS,  IN  THE 

PERMIAN  MARLS,  NEAR  LEIGH. 

By  J.  Bbswick  Pbrrin,  F.L.S.,  &c.,  and  John  Plant,  F.G.S. 


The  foliated  mouldings  which  have  been  found  by  Mr. 
Perrin,  in  the  Permian  Marls,  as  far  as  my  knowledge  and. 
researches  extend  have  not  hitherto  been  described.  The 
only  published  notice  I  can  find,  which  might  probably  have 
idated  to  them,  or  to  the  concretionary  nodules  of  lime- 
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atone,  is  in  a  descriptiou  of  a  Geological  Excursion  to  LeigK, 
Bedford,  ond  Peel,  on  tke  5th  May,  1859,  by  E.  W  Binuey, 
F.R.S.,  it  appeared  in  the  columns  of  the  Manchester  Conner, 
for  during  tbitt  year  tho  printing  of  the  transactions  of  the 
Manchester  Geological  Society  in  the  regular  form  was 
discontinued. 

The  concretionary  nodules  may  be  described  as  presenting 
upon  a  cursory  examination,  an  external  crust  of  indurated 
rod  marl,  enclosing  a  nucleus  of  a  dull  pale  grey  or  light  red 
calcareous  cement  traversed  by  cracks,  after  the  manner  of 
Septarite  filled  with  cryslallino  spar  (carbonate  of  lime),  and 
sparingly  disclosing  a  black  carbonate  of  iron  in  a  string  of 
minute  globular  grains.  Upon  qualitative  analysis  the 
internal  cement  shows  abimdauce  of  the  carbonates  and 
phosphates  of  lime,  an  alumina  oxide,  phosphoric  acid, 
with  carbonate  and  peroxide  of  iron.  Part  of  these  are 
characters  which  can  be  said  to  be  commou  to  concretions, 
ironstone  balls,  nodules,  and  septanGe,  found  in  the  Carbon- 
iferous, Permian  and  many  Mesozoic  rocks,  and  which  have 
received  attention,  and  been  well  described  by  competent 
authorities. 

The  aggregation  of  calcareous,  siliceous,  or  aluminous 
matter  into  lumps  or  nodules,  and  the  radiating  or  concre- 
tionary balls — spheroidal  concretions  of  Sedgwick, — assumed 
by  magnesian  limestone  subsequent  to  deposition  are  fully 
explained  features,  well-known  to  most  geologists. 

These  nodules  from  Leigh  have  been  obtained  in  great 
numbers  by  Mr.  Perrin,  from  the  upper  part  of  the  66  feet 
of  Permian  Marl,  whilst  the  foliated  mouldings  occur  in  the 
lower  part  of  the  same  stratum. 

The  nodules  are  found  lying  in  tw<j  or  three  layers  in  the 
marl,  but  not  in  very  regular  order ;  they  vary  from  one 
inch  to  one  foot  in  diameter,  and  proportionately  in  thick- 
ness and  weight,  the  large  ones  being  10  to  27  pounds  in 
weight. 
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Generally  they  are  of  a  oiroular  discoidal  form,  but  yary 
to  an  OToid ;  they  rise  from  the  edge  to  the  centre  by  a 
suoession  of  well  defined  concentric  layers,  almost  as  regular 
as  lathe  turnings,  so  that  each  surface  has  the  aspect  of  a 
debased  dome.  In  some  of  the  large  specimens  the  surfaces 
between  each  layer  are  marked  all  round  with  regular 
depressions,  like  thumb  marks  impressed  upon  the  edges  of 
an  unbaked  crust  of  a  pie.  These  depressions  at  times  cover 
the  surface  with  a  reticulated  ornamental  moulding,  and  are 
very  characteristic ;  others  are  smooth  and  show  but  few 
of,  and  very  faintly,  the  concentric  layers ;  they  are  light 
brownish  red,  mottled  with  the  grey  of  the  cement. 

A  section  of  a  large  one  shows  how  simple  is  their  struc- 
ture, and  leads  easily  to  a  detection  of  their  origin.  The 
nucleus  is  a  lenticular  mass  of  amorphous  calcareous  cement 
harder  than  the  crust ;  it  is  ramified  with  cracks  which  are 
lined  with  fine  crystals  of  lime,  these  first-formed  nodules  may 
have  hardened  by  exposure  to  the  sun  and  air,  afterwards,  or 
even  simultaneously,  being  rolled  in  several  layers  of 
calcareous  pasty  red  marl,  and  in  time  deposited  within  the 
stratum  of  the  red  marl.  It  is  quite  probable  that  subse- 
quently by  the  action  of  heat  and  loss  of  water,  the  pasty 
crust  in  drying,  contracted,  and  so  covered  the  surface  with 
the  corrugations  so  like  to  thumb  marks,  a  result  so  often 
seen  in  the  cooling  or  baking  of  cements,  in  lime  casts,  and 
day  pottery  works. 

The  deposition  of  isolated  nodules  in  separate  layers  is  a 
oommon  feature  in  calcareous  strata,  and  those  found  at 
Leigh  do  not  present  any  departure  from  this  physical  law. 

Some  of  the  Permian  species  of  shells  are  found  both  in 
the  nucleus  and  in  the  outer  coating  of  these  nodules,  but 
only  imperfectly  preserved.  The  smallest  nodules  are  mostly 
smooth  nuclea  of  cement  not  having  acquired  the  pasty 
coating  of  marl. 


turX  ooonr  in  the  nndstons  and  daim  of  iba  oeal  nnaaon^ 
They  aie  ootnposed  of  fine  graiiu  of  ailiB^  atxomf^j  iiQ|ing>- 
nated  with  iron  pyritw. 

Tlte  foliated  mooldings  may  be  deBcribed  aa  flattmd, 
diaooidal,  lentioalar,  or  dooUe  oaavoL  bodies  of  indontad 
browniah  red  marl  hmring  an  iiregujtr  bat  omootii  or 
polished  snrfeoe  like  iba  well-known  polish  of  sliduiuidaa 
<m  shales  and  maris,  tiie  bodies  vary  in  mwd  and  in  thMfcuwis. 
^Rieir  diameters  are  from  <me  inoh  to  ten  inehe^  and  titey- 
are  from  ime-mghth  of  an  inoh  to  one  indi  in  thibkneas. 
The  sorfaoe  is  very  nneren  from  the  oonchoidal  moaldingb 
In  many  specimens  there  is  a  de^y  depressed  oentie  (not 
always  oa  both  sur&oes)  from  whiob  radiate  foar'  or  fire 
abrupt-ending  petal-ehaped  moulding,  which  rise  for  about 
two-thirds  of  their  diameter,  then  bevel  off  to  their  outer 
edge  rather  abruptly.  The  edge  is  consequently  sharply 
compressed  and  thin,  although  not  regular  nor  coatinuous 
all  round.  In  a  few  specimens  the  centre  is  filled  up  with 
a  disc  of  marl,  giving  some  of  these  bodies  an  aspect  that 
readily  suggests  a  fossil  "marygold  flower;"  others  bear 
a  resemblance  to  the  flattened  seeds  of  a  large  leguminous 
plant  of  foreign  growth. 

After  a  most  careful  examination  of  their  material  and 
internal  matrix,  there  is  not  to  be  detected  the  slightest 
trace  of  organic  structure.  They  are  composed  simply  of 
the  red  marly  mineral  material  in  which  they  lie  embedded, 
in  fact  BO  completely  are  they  inorganic  in  structure  like  the 
marl,  that  they  contain  similiarly  the  remains  and  caste  of 
shells  common  to  the  Permian  marls,  such  as  Schizodus, 
Bakevellia,  and  others. 

When  a  lump  of  the  red  marl  is  broken  up  and  further 
desiccated  (in  water  the  amount  dissolved  is  small,)  the 
fragments  uniformly  present  a  semi-conchoidal  fracture,  and 
have  a  tendency  to  break  into  crude-rounded  nodules ;  the 
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discoidal  foliated  bodies  exhibit  a  similar  result  wben  treated 
in  a  similar  maimer. 

The  discoidal  bodies  are  found  sparingly  embedded  and 
interspersed  in  the  thick  stratimi  of  marl,  suggesting  the 
idea  that  they  may  have  been  embedded  when  the  marl  was 
being  deposited^  but  I  think  that  would  be  an  erroneous 
explanation  of  their  origin.  They  possess  no  evidences  that 
I  can  detect  of  having  been  primarily  poncretions  rolled  into 
their  discoidal  forms  and  hardened  by  exposure  to  air  and 
heat,  and  then  embedded  within  the  marl ;  they  rather,  on 
the  other  hand,  by  an  examination  of  their  characteristics, 
lead  to  the  conclusion  that  they  have,  to  speak  imscientifically, 
grown  into  form  and  developed  their  lenticular  foliations 
after  the  marl  was  deposited,  and  considering  the  inherent 
tendency  of  the  whole  deposit  of  the  marl  to  nodular  and 
discoidal  crystallization  in  its  structure,  I  see  no  difficulty 
in  regarding  these  convex  lenticular  bodies  to  be  the  result 
of  a  peculiar  and  abnormal  crystallization  of  small  portions 
of  the  marl  within  the  great  bulk  of  the  matrix. 

These  beds  of  Permian  Marls  were  originally  deposited  in 
the  form  of  fine  mud  deeply  coloured  with  haematite  iron  in 
solution  in  the  waters.  They  have  become  indurated  and 
acted  upon  by  enormous  pressure  and  its  accompanying  heat. 
They  have  been  subjected  to  upheavals  and  internal 
action  of  various  kinds,  and  probably  by  the  loss  of  moisture 
and  the  agency  of  pressure  and  heat  have  undergone  changes 
which  have  brought  about  their  present  structure  and 
arrangement,  giving  rise  to  the  lentictdar  foliated  bodies, 
and  to  the  crude  conchoidal  crystallization  prevailing  through 
the  whole  of  the  stratum  of  marl. 

They  appear  not  to  be  entirely  peculiar  to  the  Permian 
marl,  as  I  possess  one  black  specimen  identical  in  all  respects 
except  colour,  taken  out  of  the  shales  of  the  upper  coal 
measures  at  Ardwick. 
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Mr.  Perrin  said  thtit  tlie  interest  in  these  uodulea  and 
mouldings  did  not  belong  exclusivelj  to  this  district,  but 
had  been  talked  about  for  n  considerable  length  of  time  in 
other  districts  as  well  an  in  Lancashire.  Duplicates  of  some 
of  the  specimens  lying  on  the  table  had  been  sent  to  different 
geologists  in  London  and  elsewhere,  but  not  one  of  them 
had  been  able  to  give  a  satisfactory  opinion  as  to  what  they 
really  were.  The  nodules  were  foimd  congregated  in  consi- 
derable numbers  in  the  Permian  strata  at  Westleigh.  He 
was  not  aware  that  such  deposits  bad  been  found  in  large 
numbers  in  any  other  part  of  the  country.  As  to  the  posi- 
tion of  these  nodules.  A  few  i.solftted  ones,  which  had 
evidently  been  denuded  in  glacial  times,  were  found  in  the 
boulder  clay,  with  specimens  of  granite  and  beautiful  quartz 
specimens,  but  only  for  a  short  distance.  Below  these  drifts 
they  got  the  pure  red  marl,  in  which  at  a  depth  of  five  or 
six  yards  they  came  to  these  nodules.  Beneath  in  this  marl 
bed  they  found  peculiarly  foliat«d  mouldings. 

Mr.  Plant  added  that  Mr.  Perrin  had  brought  another 
specimen,  which  showed  the  peculiar  semi-crystallization  of 
what  was  known  as  "  cone-in-cone,"  and  be  had  brought 
a  specimen  to  show  that  by  pressure  the  structure  of  cone-in- 
cone,  could  be  produced.  Other  specimens  of  the  concreticmB 
had  been  found  at  Fatricroft,  and  in  other  localities  of  the 
Permian  marl  deposit. 

Mr.  AiTKEN  said  that,  the  essayist  had,  notwitbatouding 
bia  laborious  researches,  been  unable  to  suggest  a  way  in 
which  the  nodules  had  been  formed.  He  thought  they  would 
all  be  in  the  same  predicament  that  afternoon.  He  himself 
had  regarded  these  nodular  concretions  as  septaria,  and  he 
thought  there  were  some  eTidenoee  that  bore  out  that  idea. 
The  foliated  mouldings  were  very  peculiar.  He  possessed 
one  about  three-quarters  of  an  inch  in  diameter  which  had 
been  in  the   possession  of  Mr.   Carruthers,  of  the  British 
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Museiim,  whose  idea  was  that  it  had  originated  through  an 
accumulation  of  gas  near  the  surface,  the  accumulated  gas 
forming  a  bleb,  and  thus  caused  the  marks  on  the  surface  of 
the  stone.  Whether  that  was  a  sufficient  explanation  he 
oould  not  say.  Mr.  Carruther's  paper  on  the  subject,  of 
which  he  preserved  a  copy,  is  still  in  existence. 

Mr.  Perrin  said  that  the  specimens  presented  the  same 
features,  and  it  was  a  characteristic  of  them  that  their  fea- 
tures became  plainer  as  the  specimen  got  larger. 

Mr.  Plant  said  that  he  was  very  much  surprised  to  detect 
not  the  slightest  trace  of  magnesia  in  them.  These  so-called 
magnesian  rocks  on  analysis  reveal  no  traces  of  magnesia. 

The  Chairman  (Mr.  Binney)  said  the  origin  of  nodules  is 
a  matter  that  has  never  been  satisfactorily  accounted  for, 
and  concerning  which  there  are  a  great  variety  of  opinions. 

Mr.  M.  Stirrup  asked  Mr.  Perrin  whether  the  specimens 
always  appeared  in  the  same  position  in  the  deposit. 

Mr.  Perrin  said  that  as  far  as  his  observations  went  they 
generally  lay  end  upwards. 

Mr.  Stirrup:  I  suppose  they  may  have  been  subjected  to 
pressure? 

Mr.  Perrin  said  that  the  specimens  had,  he  thought,  been 
subjected  to  pressure.  The  markings  in  the  large  speci- 
mens, with  the  exception  of  one,  were  exactly  alike,  and 
that  was  the  most  marvellous  thing  about  them,  the  excep- 
tional specimen  was  foimd  close  to  the  surface  of  the  yellow 
clay. 

The  President:  There  is  very  little  doubt  that  these 
nodules  have  been  produced  in  a  similar  way  to  that  in  which 
nodules  have  been  produced  in  the  coal  strata,  the  carbonate 
of  lime,  the  lias  and  other  deposits.  They  have  all  evidently 
had  the  same  origin. 

Mr.  AiTKEN  said  he  should  like  to  know  whether  Mr. 
Perrin  had  detected  any  organic  matter  in  the  nodules. 
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They  knew  that  in  eoiil  deposits,  tishes,  Rhells,  and  bits 
of  wood  formed  the  nuuleuB,  and  also  of  the  lias  on  the 
Yorluhiro  coast  and.  in  other  pLwes. 

-Mr.  Pbsbim  said  that  a  nttiAbw  of  apaufaaMB  had  Iwoi 
farokon  np,  anil  bo  tnwM  of  <ngaaui  mtftar  had  been  famid 
In  them. 

Mr.  Plaiit  eaid  that  if  ^ban  had  been  any  oigiante 
aaebttt  m  the  spmrnma  he  ooold  not  hwra  Wkd  to  detaet 
it 

Vaa. — Sinoe  the  reo^ng  of  the  paper,  mj  MenfSaa  ha*  bea 
direoted  by  lb.  7.  Aitiken  to  a  pqior  by  "W.  Cnratber^  F.B.B.,  i& 
the  TomsBl  of  the  Geobgieat  Society  of  Loodai,  TtH  XXYJL, 
p.  448,  I8T1.  "On  Some  SnppOMd  Tepitable  Foe^  wifli  ifortti- 
ttnu,"  In  vhkli  «i«  faudndsd  fcewiay  of  One  null  boiki,: 
Identical  vith  the  nnallest  td  these  *'  foliated  monldiiigB  from  the 
Permian  Uarh  at  Leigh.  Ur.  Carruthers'  specimens  came  from 
Cape  Breton,  North  America,  Ayrshire,  and  South  Wales.  Ur. 
Carruthers  adopted  the  opinion  expressed  by  Br.  Fleming,  "that 
"they  had  been  produced  in  cavities  in  a  comparatiTely  soft 
"  plastic  matter  by  the  pressure  of  water  or  gas  contained  in  the 
"  cavities,  and  that  the  specular  aspect  was  the  casting  or  impres- 
"  sion  of  the  fluid  substance,  hence  be  called  them  'Jluidetutt.^ " 

This  paper  and  its  suggestions  are  very  interesting,  but  I  do  not 
agree  with  the  "  fluidcasts  "  explanation,  as  It  docs  not  certainly 
apply  to  the  lai^  foliated  mouldings  found  at  Leigh. 

J.    PtAKT. 


ON    THE    LONG    WALL    SYSTEM    OF 

WORKING    COAL. 

Bt  W.  J.   Grimshaw,  F.G.S.,  and  Hbrbbrt  Phillifs. 


Part  I. 
The  object  of  this  paper  is  not  that  of  drawing  compariaona 
between  different  syatems  of  working  mines,  but  rather  that 
of  throwing  into  greater  prominence  the  advantages  for 
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wliicli  the  Long  Wall  System  is  peculiar.  As  is  well  known 
the  same  subject  has  been  treated  many  times,  and  in  some 
cases  a  spirit  of  partiality  seems  to  have  arisen.  Some 
people  hold  the  opinion  that  such  is  the  perfection  of  the 
system  that  its  adoption  universally  would  be  of  great  and 
permanent  benefit  to  the  mining  community,  while  others 
are  just  as  enthusiastic  as  regards  the  ''  pillar  and  stall " 
system.  Extreme  ideas,  however,  are  generally  fallacious 
and  tend  to  injure  any  cause.  Simple  statements  of  what 
has  been  done  and  what  is  now  doing,  afford  the  best  means 
for  forming  a  judgment :  if  a  man  pins  his  faith  on  any 
one  system  as  being  pre-eminent  he  feels  bound  (almost  in 
honour)  to  uphold  its  claims  in  all  places  and  at  all  seasons, 
and  by  thus  doing  becomes  incapable  of  forming  an 
unbiassed  opinion.  Somewhat  new  ground  is  broken  in  the 
pretsent  paper  by  the  introduction  of  examples  of  long  wall 
working  from  actual  experience.  These  examples  are  not 
theoretical — they  are  from  actual  survey,  and  the  plans  and 
diagrams  will,  we  hope,  enable  you  to  realize  the  position 
and  influences  affecting  the  development  of  each  mine 
treated,  as  nearly  as  possible. 

Every  manager  opening  out  a  new  seam  aims  to  adopt 
such  a  system  of  working  as  will,  in  his  judgment,  most 
effectually  minimise  the  natural  disadvantages  of  the  seam, 
and  the  risks  of  working  it.  Many,  no  doubt,  are  well 
aware,  that  a  (comparatively  speaking)  bad  seam  well  opened 
out  and  well  worked,  is  less  expensive  than  a  good  seam 
badly  worked,  and  that  a  bad  system  or  method  well  applied 
is  preferable  to  a  good  system  badly  applied. 

In  the  primitive  opening  out  of  our  Coal  Fields,  there 
would  be  all  but  complete  ignorance  of  the  phenomena  inci- 
dental to  coal  working,  consequently  the  mode  of  excavating 
would  be  more  experimental  than  decided.  As  experience 
could  not  guide  the  management,  the  working  policy  would 


necessarily  be  a  tentative  one,  and  the  method  ultimately 
adopted,  would  no  doubt  be  materially  affected  by  accident 
and  the  tempeniment  of  the  manager. 

Those  circumstances  which  now  chiefly  determine  the 
mode  of  working  would  then  be  on  the  outside  of  the  calcu- 
lation. Gradient,  quality  of  roof,  amount  of  refuse  dirt 
occompanyiug  the  working  of  coal,  thickness  of  seam, 
capacity  of  seam  for  generating  gas :  these  and  other  factors 
would  have  no  weight  in  the  method  ultimately  adopted. 
Kot  the  least  influential  factor  would  be  the  temperament 
of  the  person  on  whom  rested  the  responsibility  of  opening 
out  the  mine.  It  may  be  safely  said  that  all  systems  are 
more  or  less  marked  with  the  individuality  of  the  promoter 
or  originator,  just  as  all  political  policies  are  characteristic 
of  the  cabinets  framing  them. 

Every  ayetem  has  some  central  point  from  which  radiate 
all  the  modifications  and  adaptations  of  that  ^stem.  Sim- 
plicity itself,  the  original  system  may  be — embodying 
perhaps  one  or  two  fundamental  ideas,  but  as  time  goes  on, 
different  experiences  are  brought  to  bear,  until  the  out- 
come is  a  system  well-nigh  perfect  in  method  and  int«lligi- 
bility,  although  it  may  fall  far  short  of  the  best  possible 
system  applicable  to  the  requirements  and  exigencies  of  the 
situation. 

It  is  too  frequently  the  practice  to  6nd  fault  with  the 
originators  of  the  various  systems  of  working  coal.  Those 
in  one  district  criticise  and  censure  the  practice  followed  in 
another.  But  criticism  and  censure  are  the  results  of 
accident  and  education,  and  we  are  so  conservative  and 
inflexible,  that  oftentimes  we  prefer  the  ills  we  have,  rather 
than  "  fly  to  those  which  we  know  not  of." 

It  is  only  when  some  startling  event  is  made  known,  that 
the  general  practical  mind  is  awakened,  and  interest  excited 
to  learn  something  of  details.     Since  the  publication  of  the 
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Inspectors'  Rq>ort8  last  year,  much  attention  has  been 
drawn  to  the  Long  Wall  System,  by  an  important  declaration 
of  opinion  by  Mr.  Evans,  the  Government  Inspector  for  the 
Midland  district.    In  Blue  Book,  1879,  page  107,  he  says  : 

"  It  is  worth  recording  the  fact  that  over  20  million  tons 
of  ooal  have  been  raised  since  the  last  fatal  explosion, 
and,  during  the  last  2  years  26,700,000  tons  of  coal  were 
produced  for  one  life  lost  by  explosion  of  gas." 

"  The  question  may  be  asked :  how  are  these  results  ob- 
tained P  In  my  opinion^  it  is  in  a  great  measure  due  to  the 
system  employed.  For  the  most  part  the  '  long  wall '  is 
the  recognised  plan.  Care  is  taken  to  fill  with  debris  all 
places  from  which  the  coal  has  been  extracted,  so  as  to  make 
it  impossible  at  any  time  to  have  a  large  accumulation  of 
gas.  The  ventilation  is  constantly  kept  up  to  the  face  of 
the  workings,  carrying  with  it  any  noxious  gas  omitted  from 
the  waste.  The  supply  of  air  must  be  abundantly  sufficient  for 
almost  any  extraordinary  occurrance  which  might  probably 
arise. 

Page  108. — "  The  seams  of  coal  vary  in  thickness  from 
2ft.  to  14ft.,  some  of  them  giving  oS  large  quantities 
of  gas." 

It  is  not  an  easy  matter  to  give  a  definition  of  the  long 
wall  system,  as  its  modifications  are  so  numerous.  However, 
any  system  of  working  the  coal  in  faces  of  greater  or  less 
lengths,  and  bringing  the  produce  therefrom  on  roads,  packed 
through  the  goaf,  may  be  for  our  purpose  tnrmed  longwall 
working.  The  packing  of  these  roads,  and  the  goaf  gener- 
ally, is  an  extremely  important  matter,  and  on  it  in  great 
measure  depends  the  success  or  failure  of  the  system. 

Packing. 

The  object  of  packing  is  the  substitution  of  the  best 
possible  resistance  to  the  roof  in  lieu  of  the  coal  taken  out. 
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The  oleatage  of  the  ooel  IB  at  right  aag^  to  the  gtk^ 
maia,  and  the  line  of  roof  br«akage  omMMthe  oonianiaC 
the  Btalls.  In  the  stalls  ii  ia  zeqwnd  tiut  1^  ond 
Aall  be  voiced  puraUel  with  the  olei^  or  dmea.  Nov  ai 
the  mode  of  dercdoping  ia  by  meani  of  a  leading  ataU,  a»aoa«; 
as  the  l^igth  of  a  stall  is  exoavated,  it  is  started  and  -viotfa 
away  to  a  distance  of  one  or  tvo-sDOre  yards,  during  whic& 
the  leading  stall  is  bearing  the  length  of  another  face  or  cleat 
stall.  The  second  is  Bturted  but  is  of  course  some  distance 
behind  the  £rst  one,  and  so  the  two  stalls  will  frequently 
work  for  years  if  the  total  length  of  faces  be  a  limited  one, 
so  as  not  to  permit  of  the  first  stalls  standing  untQ  caught 
by  the  rear  ones.  Several  disadvantages  are  inseparable 
from  this  system.  Ist.  The  waste  of  coal  by  cutting  in  the 
fast  ends,  and  the  crush  at  the  loose  ends.  2nd.  The  greater 
breakage  of  timber  by  the  irregular  subsidence  and  breakage 
of  roof.  3rd.  Extra  difficulty  in  separating  the  coal  from 
the  roof,  for  reason  mentioned  in  No.  2.  4tb.  The  liability 
of  gas  accumulating  in  the  fast  ends  when  the  faces  ariae  in 
the  direction  of  the  arrow. 

Usually  this  mode  of  opening  out  a  mine  is  avoided  and 
various  plans  are  adopted  to  obtain  and  retain  uniformity  of 
facing.  A  common  custom  is  to  head  out  eight  or  ten  stalls 
on  the  level  sides  of  the  pit  before  commencing  to  work  them. 
A  more  elaborate  system  is  shewn  in  sketch. 

This  method  is  available  with  any  kind  of  gradient,  but  is 
most  rapid  where  the  dip  is  an  easy  one,  as  it  can  then  bc> 
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applied  in  any  direction.  In  this  mode  a  little  attention 
will  gather  the  fact  that  the  slant  opening  gate  crosses  the 
deatage  at  such  an  angle  that  while  opening  out  new 
ground  it  is  also  advancing  with  the  other  stalls.  Its  great 
disadvantage  is  that  it  does  not  open  out  a  length  of  face 
corresponding  with  the  advance  of  the  slant  gate.  Where 
the  system  can  be  applied  in  several  directions  at  the 
same  time,  the  development  is  quick  and  the  result  is  an 
arrangement  of  workings  and  airways  which  materially 
conduces  to  simplicity  and  power  in  the  ventilation,  and  to 
large  production  from  a  small  area  of  mine.  The  plan 
gives  another  method  adapted  to  hard  coal  seams  and  steeper 
gradients. 

This  method  of  opening  out  faces  after  heading  out  a 
district  of  stalls  is  gaining  much  favour.  By  carrying 
two  leading  stalls  the  gateway  of  the  lower  stalls  provides  a 
return  air  course  and  has  also  the  advantage  of  allowing  the 
strata  to  sink  more  intact  than  would  be  the  result  with  but 
one  leading  stall. 

Plan  A  represents  the  mode  of  working  a  seam  the 
section  of  which  is  about  3ft.  Sin.  thickness  of  coal,  the  roof 
for  12ft.  above  the  coal  being  Blue  Bind,  and  the  floor  6  in. 
to  12  in.  of  bats,  and  3  in.  to  4  in.  of  fireclay  overlying  a 
rocky  shale.  The  dip  is  very  moderate — rarely  exceeding 
1  in  10  or  12.  The  cross  gates  are  driven  every  300  yards 
and  the  stalls  are  30  yards  in  length.  There  is  plenty  of 
packing  material ;  goaf  is  pretty  closely  stowed,  and  the 
swelling  of  the  floor  soon  renders  it  impervious  to  air. 

Plan  B  shows  the  workings  in  a  seam  of  the  following 
Section. 

Roof— Light  Blue  Bind 18  ft.  to  24  ft. 

"  Jays  "  or  Bastard  Cannel  ...    8  in.  to  12  in. 

Soft  Coal  or  Sand 10  in.  to  12  in. 

SteamCoal    2ft. 

Clunch 4ft. 
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tin  Beam  is  made  up  of  10  in.  of  vaey  aoft  ooal,  and  1  foot 
9in.  of  ateam-ooaL  TTodenieaQi  nms  an  irregular  stratam 
of  fireday,  3  to  6  in.  thiok.  The  gradient  rariaa  from  1  ia 
4  to  1  in  8.  The  npper  seam  is  2  feet  10  in.  thidc,  and  is  • 
strong  soft  house  ooaL  Uidenieath  is  12  to  SO  in.  (rf  fii»' 
olay  and  bats,  which  is  turned  otot  into  the  goaf  and  pwtoA 

The  gateways  are  carried  otd  on.  The  ooal  also  is  gottsB 
end,  and  will  aomatimes  part  from  the  xoof  >ad  wall  is 
blocks  many  tons  in  weight.  The  lower  seam,  when  folly 
developed  as  projected  by  the  dotted  lines,  will  also  work 
similarly.  With  the  face  it  already  has — about  100  yards — ■ 
it  is  making  fine  blocky  coal. 

The  greatest  difficulty  in  connection  with  the  working  of 
the  mine  is  the  pitch  of  the  measures,  which  greatly  hinders 
the  loading  and  tramming  of  the  coals  from  the  banks  to 
the  gateways.  In  the  gateways  three  to  four  feet  of  ripping 
is  taken,  so  that  the  horses  draw  the  coals  from  the  faces. 

The  stalls  in  the  upper  seam  average  about  40  yards,  and 
are  capable  of  producing  10  to  20  tons  per  day. 

In  the  lower  seam  35  yards  will  be  the  length,  with  a 
capability  of  14  to  18  tons.  These  stalls  are  marked  F  on 
the  plan. 

The  stalls  marked  A  on  the  same  plan  are  66  yards  long, 
and  are  worked  face  on.  Their  capacity  is  18  to  25  tons 
per  day  of  nine  hours.  In  this  seam,  when  opened  to  the 
extent  of  the  projected  lines,  there  will  be  about  450  yards 
of  faces,  with  a  productive  power  of  250  to  300  tons. 

In  the  other  seam,  720  yards  are  capable  of  giving  300 
to  350  tons  daily. 
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The  seam  is  not  a  very  fiery  one,  but  gas  quickly  generates 
in  places  inaccessible  to  air  currents.  At  the  place  marked 
H,  which  is  the  highest  in  that  air  district,  gas  will  accumu- 
late in  a  few  minutes  if  the  doors  p  p  be  left  open,  and  the 
greatest  care  is  needed  to  prevent  accumulations.  It  is 
anticipated  that  when  the  headings  reach  the  point  o,  under 
the  Old  Top  Level,  where  is  a  staple  shaft,  no  difficulty  will 
be  experienced  in  sweeping  the  gas  out  of  the  mine. 

In  the  upper  seam  the  currents  are  ascensional,  and 
although  the  seam  is  a  gaseous  one,  none  is  ever  discovered. 
Fast  ends,  which  on  the  rise  side  form  a  barrier  to  the 
ascension  of  gas  are  avoided,  and  the  gas  therefore  rises  to 
the  up-cast  by  reason  of  its  lighter  specific  gravity. 

The  roof  is  irregular,  being  rock  over  the  upper  part  of  the 
mine,  and  light-blue  shale  in  the  lower.  After  leaving  the 
rib  at  such  a  distance  behind  as  allows  of  the  subsidence  of  the 
entire  strata,  no  more  trouble  is  experienced  in  dealing  with 
the  rock  than  with  the  shale  roof.  The  goaf  becomes  solid 
in  both  seams  at  a  distance  of  40  to  50  yards  behind  the 
coal  faces,  the  depth  from  the  surface  varying  from  220  to 
120  yards. 

The  system  of  traffic  roads  is  by  cross  gates  and  main 
gates,  the  cross  gateways  being  rim  over  at  150  to  170  yardn 
distance  from  each  other. 


Mr.  Woodward  said  that  his  experience  had  shown  him 
that  eyen  in  a  mine  eight  or  nine  feet  thick,  to  put  up  a 
packed  wall  was  a  matter  of  very  considerable  difficulty  and 
expense,  which  must  be  materially  increased  in  one  of  12  to 
14  feet,  as  referred  to  in  the  paper.  It  was  difficult  to  find 
packing  in  those  thick  mines  which  had  friable  roofs. 
Sufficient  material  to  make  a  pack  eight  or  nine  feet  high, 
which  would  not  be  pressed  down  by  the  ordinary  sub- 
sidence of  the  roof,  was  hard  to  get  either  from  the  roof  or 

floor. 

z 


523 

The  OtiAiRiiAN  Haid  tho  subject  wait  an  important  one,  and 
doubtless  gentlemen  would  like  U)  see  the  paper  in  print 
before  entering  upon  a  full  discussion  of  it.  Ag  far  as  his 
observation  went,  with  regard  to  coal  getting,  each  district 
had  its  peculiar  dtfRculties  to  contend  with,  and  what  was 
%'ery  good  in  one  might  not  be  so  satisfactory  in  another. 
In  the  neighbourhood  of  Chesterfield,  many  years  ago,  he 
saw  the  long  wall  system  carried  to  great  perfection.  It  was 
practiced  by  men  who  had  been  all  their  lives  engaged  on  it, 
and  who  worked  with  remarkable  'skill.  The  subject  was 
one  of  great  importance,  and  when  the  paper  was  printed  a 
very  useful  discussion  might  arise  from  it, 

Mr.  Grimshvw  said  that  the  plana  shown  had  reference 
to  the  Midland  district  only,  and  most  of  them  were  taken 
from  thin  mines.  He  could  not  say  that  he  had  had 
any  experience  of  12  feet  or  14  feet  of  coal  worked  in  one 
lift  by  long  wall;  but  he  found  in  Mr.  Evan's  report  mention 
made  of  seams  of  that  thickness  worked  succeaafolly  by  long 
wall. 


The  further   dUeussion   mu  postponed   until  the  paper   it 
complete  and  in  the  hands  of  the  memieri. 


Plan  4. 
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MANCHESTER    GEOLOGICAL    SOCIETY. 


Past  XV.  Vol.  XV.  Sbssion  1879-80. 

At  the  Ordinary  Meeting  of  the  Members  of  the  Society, 
held  on  Tuesday,  the  23rd  day  of  March,  in  the  Literary 
and  Philosophical  Society's  Booms,  George  Street,  Man- 
chester ; 

E.  W.  BiNNEY,  Esq.,  F.B.S.,  Vice-President, 

in  the  Chair. 

Mr.  Joseph  Smith  Fairley,  Land  and  Mineral  Surveyor, 
Huskisson  Street,  Liverpool;  Mr.  James  Hayes,  Colliery 
Manager,  Westleigh,  Leigh,  Lancashire ;  and  Mr.  Thomas 
Parr,  Westleigh,  Leigh,  Lancashire,  were  elected  ordinary 
members. 


Prof.  G.  Forbes,  of  Anderson's  College,  Glasgow, 
exhibited  his  "Damposcope,"  or  "Fire-damp  Indicator," 
and  explained  its  action.  In  doing  so,  he  said  the 
purpose  of  this  instrument  was  to  detect  the  quantity 
of  fire-damp  present  in  the  atmosphere  of  mines.  They 
must  welcome  anything  that  was  likely  to  prevent  those 
disastrous  colliery  explosions  which  occurred  from  time 
to  time,  and  he  thought  it  would  be  foimd  that  the  "Dampo- 
Bcope"  would  be  of  very  great  service  indeed.  He  was  first 
led  to  think  of  the  question  in  the  year  1877,  just  after  the 
explosion  at  Blantyre  No.  3  pit,  when  a  friend  of  his,  Mr. 
James  Toung,  of  Kelly,  described  to  him  an  instrument  he 
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had  devised  to  detect  6re-damp;  but  that  instrument  seemed 
lo  him  (Prof.  Forbes)  to  be  complicated,  and  one.  he  thought, 
would  be  preferable,  which  could  be  carried  easily  through 
the  workings,  and  applied  without  delay.  A  now  principle 
suggested  iteelf  to  him,  which,  on  testing,  he  found  to  be 
very  delicate.  The  principle  was  this:  that  the  sound  pro- 
duced by  the  vibrations  of  an  ordinary  tuning  fork,  which 
might  be  almost  inaudible  if  simply  diffused  through  the  air, 
would  become  distinctly  audible  if  the  fork  was  placed  in 
close  proximity  to  a  confined  column  of  air  or  fire-damp,  or 
a  mixture  of  the  two;  that  the  maximum  extent  of  sound 
would  be  given  out,  if  thp  column  consisted  of  pure  air, 
when  the  column  was  of  a  certain  fixed  invariable  length ; 
but  that  if  the  air  was  mixed  with  fire-damp,  the  maximum 
extent  of  sound  would  be  given  out  when  the  column  was  of 
greater  and  greater  length,  according  to  the  proportionate 
amount  of  fire-damp  mixed  with  the  air. 

Prof.  Forbes  then  described  the  mechaniam  of  the  inatru- 
ment,  a  sketch  of  which  is  appended.  It  would  be  Been  that 
it  consisted  of  a  tuning  fork  and  striker,  a  tube  to  contain 
the  column  of  air  and  fire-damp,  a  piston  to  regulate  the 
length  of  column,  a  dial,  the  finger  of  which  is  connected 
by  a  rack  with  the  piston,  and  graduated  to  shew  the  exact 
percentage  of  fire-damp  in  the  column,  this  depending 
exactly  on  the  length  of  the  column,  and  a  thermometer  to 
correct  the  reading  for  temperature,  but  graduated  to  show 
percentages  of  fire-damp  to  be  deducted  from  the  reading  on 
the  dial. 

The  instrnment  is  used  as  follows: — The  piston,  which 
fits  quite  tight  in  the  tube,  is  pushed  quite  to  the  top  by 
means  of  the  handle  at  the  end,  thus  completely  emptying 
the  tube,  and  is  then  drawn  back  again,  admitting  the  air  or 
mixture  of  air  and  fire-damp  to  be  tested ;  the  tuning  fork  is 
then  struck,  and  the  piston  is  moved  up  and  down  in  the 
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tube  until  the  point,  at  which  the  Tnaximnm  sound  is  heard 
from  the  tuning  fork,  is  reached;  then  the  percentage  of  fire- 
damp is  read  off  from  the  dial,  and  the  deduction  for  tem- 
perature is  made,  the  result  being  the  exact  percentage  of 
fire-damp  in  the  mixture  tested.  If  the  mixture  tested  is 
pure  air  the  reading  of  the  dial,  less  the  deduction  for 
temperature,  will  be  zero.  The  instrument  might  be  used 
in  mines  to  test  air  with  which  a  large  proportion  of  fire- 
damp was  mixed,  and  where  it  might  not  be  safe  to  take  a 
lamp,  as  the  dial  face  could  be  coated  with  luminous  paint,  or 
made  phosphorescent,  and  would  emit  sufficient  light  to 
enable  the  operator  both  to  see  his  way  and  also  to  take  the 
readings.  Anyone  testing  for  the  presence  of  gas  for  the 
first  time  by  this  instrument  would  probably  not  be  able  to 
hit  off  the  exact  percentage  within  1^  or  2  per  cent,  of  the 
gas  present.  Three  or  four  trials,  however,  would  yield 
better  results,  and  a  day  or  two's  practice  would  enable  a 
person,  if  there  was  a  half  per  cent,  of  fire-damp  present,  to 
detect  it.  When  it  required  six  per  cent,  to  become  explo- 
siye,  and  when  it  was  considered  that  a  Davy  lamp  would 
not  indicate  less  than  four  or  five  per  cent.,  and  then,  of 
course,  without  indicating  the  proportions,  gentlemen  would 
see  that  they  had  in  the  *'  Damposcope"  a  far  more  accurate 
and  delicate  instrument,  which  would  detect  quantities  of 
gas  of  whose  presence  they  would  otherwise  be  quite 
ignorant.  Analytical  tests  were  made  which  left  no  doubt 
whatever  of  the  accuracy  of  the  indications.  He  had  found 
the  "  Damposcope  "  a  most  convenient  and  portable  instru- 
ment in  the  mine,  never  suffering  damage,  and  never  seeming 
to  be  in  the  way  in  the  least.  For  practical  use  therefore 
it  was  in  every  way  desirable. 

Mr.  Dickinson  said  the  Society  was  indebted  to  Professor 
Forbes  for  having  come  so  far  to  exhibit  and  describe  his 
instrument.     That  large  gathering  of   mining   gentlemen 
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bt  about  it,   ^ 


must  ooQvinuQ  him,  and  anyoae  wbo  had  any  doubt 
that  if  there  was  an  invention  which  would  conduce  to  the 
safe  workiug  of  mines,  mine  owners  would  not  be  slow  to 
avail  themaolvoa  of  it.  It  might  be  ^id  that  there  had  been 
previous  workers  in  the  same  field.  They  had  had  Mr. 
Ansell's  instrument  before  them  for  many  years,  but  it  had 
er  been  brought  into  use.  That  instrument  had  several 
drawbacks.  In  the  firat  place,  so  far  as  his  experience  of  it 
went,  it  was  not  reliable.  He  remembei-ed  well  going  along 
with  several  of  bis  colleagues  to  see  it  tested,  when  aft«p 
waiting  about  an  hour  the  instruments  failed  to  act.  Aa 
instrument  which  was  not  reliable  of  course  no  mining  man 
would  think  of  trusting  in  a  mine,  when  the  result  might 

a.  disastrous  explosion.  Dr.  Angus  Smith  he  found  waA 
also  working  in  the  same  field.  He  informed  him  that  he 
had  devised  an  instrument  for  detecting  the  proportion  of 
gae  in  the  air,  and  he  waa  very  sorry  that  Dr.  Angua  Smith, 
could  not  be  present  to  give  them  some  account  of  it.  He 
(Dr.  Smith)  described  his  instrument  as  being  new  and  also 
useful,  and  those  of  them  who  knew  Dr.  Smith  would 
certainly  not  suspect  him  of  exaggerating  the  importance  of 
his  own  discovery.  Mr.  Ansell's  instrument,  besides  being 
unreliable,  had  another  great  drawback :  it  could  not  be 
used  twice  over  without  receiving  a  dose  of  fresh  air. 
That  alone,  in  his  (Mr.  Dickinson's)  judgment,  was  aufBcl^it 
to  condemn  it.  It  was  a  scientific  toy,  and  nothing  more. 
If  Prof.  Forbes's  instrument  would  do  what  he  stated,  and 
enable  them  to  measure  the  proportion  of  gaa  in  a  mine  up 
to  one  and  a-half  per  cent. 

Prof.  FoBSES  :   One  half  per  cent. 

Mr.  Dickinson  said  that  was  snuJleT  than  what  he  was 
supposing.  If  it  could  indicate  even  one  and  a  half  it  would 
be  a  valuable  instrument,  particularly  in  mines  where  powder 
was  used,  and  where  there  was  much  coal  dost,  becaoae  it 
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was  found  in  dry  seams  that  a  small  admixture  of  fire-damp, 
such  as  a  safety  lamp  might  not  indicate,  would  suffice, 
mixed  with  the  coal  dust,  to  communicate  with  the  flame  of 
a  blown  out  shot,  and  so  produce  a  general  explosion.  If 
this  instrument  would  indicate  what  a  safety  lamp  would 
not,  it  would  be  a  very  valuable  adjunct  in  mines  where 
there  was  not  otherwise  a  discernible  per  centage  of  fire- 
damp, and  where  powder  was  used. 

Mr.  Cl£60  Livesey  said  that  all  pi*eYious  instruments  he 
had  seen  for  indicating  fire  damp  had  seemed  to  him  either 
too  cumbrous  or  too  intricate  for  practical  use  ;  and  he  was 
not  at  all  surprised  at  their  not  having  met  with  support 
from  mining  men.  He  was,  however,  deeply  impressed  with 
the  utility  of  the  simple  instrument  devised  by  Professor 
Forbes.  They  had  none  of  them  had  an  opportunity  of 
seeing  it  before  that  day,  but  he  was  sure  very  many  of 
those  interested  in  mining  would  try  it. 

Mr.  Dickinson  inquired  if  one  and  a  half  per  cent,  of  fire 
damp  would  produce  a  sound  so  audible  that  any  ordinary 
person  could  distinguish  it. 

Prof.  Forbes  :  My  experience  is  this — that  anybody  at 
the  first  attempt  could  detect  two  per  cent.  On  the 
very  first  trial  of  the  instrument  repeated  readings  of 
it  would  agree  with  each  other  to  two  per  cent,  at  the 
outside  ;  but  that,  with  practice,  after  using  the  instrument 
for  a  few  times,  it  could  be  read  to  one  per  cent.  I  can 
read  a  half  per  cent.,  and  my  ear  is  not  so  sensitive  as 
many  people's.  I  am  perfectly  certain  that  anybody  could 
read  to  one  per  cent. 

Mr.  Dickinson  said  he  understood  that  carbonic  acid  gas 
affected  the  sound  of  the  instrument.  Carbonic  acid  gas,  if 
present  with  fire-damp,  generally  retarded  an  explosion,  so 
much  that  a  much  longer  cap  was  shown  in  the  Davy  lamp, 
indicating  its  presence,  than  they  had  if  the  gas  was  pure. 


prof.  FnBBES  said  that  was  a  point  on  which  he  intended 
to  have  spoken  open.  Two  years  ago  he  abandoned  the 
instrument  altogether,  because,  although  he  Lad  scon  how 
delicate  its  action  was,  when  be  showed  it  to  a  mining 
engineer  he  was  told  that  the  presence  of  carbonic  acid 
would  alter  the  indications  of  the  instrument.  He  thought 
for  that  reason,  it  would  be  useless,  and  he  gave  up  his 
experiments  for  nearly  a  year.  It  was  not  until,  on 
ascertaining  from  the  work  of  Dr.  Angus  Smith  and  others, 
the  effect  of  carbonic  ucid  gas,  as  spoken  of  by  Mr,  . 
Dickinson,  namely,  that  it  prevented  u  mixture  of  lire-damp  I 
and  sir  irom  Utoonuug  aKplosivs,  tliat  ha  «et  to  work  agai%  ' 
to  go  into  the  theory  and  jmctam  of  tlw  inrtnmMBt.  Fow 
per  eent.  oE  oarbosio  end,  he  wu  toU,  mnU  sxtmgnidi 
both  candles  and  life  itself :  therefore  any  perceptible 
'  quantity  of  that  gas,  to  affect  the  instrument,  was  not  likely 
to  be  met  with,  under  ordinary  circumstances. 

Mr.  Dickinson  said  that,  according  to  Dr.  Angus  Smith, 
two  per  cent,  of  carbonic  acid  would  put  out  candles,  and 
four  per  cent,  would  extinguish  robust  life. 

A  Member  observed  that  it  depended  upon  the  specific 
gravity  of  the  gas. 

Prof.  Forbes  :  It  depends  on  two  things — partly  the 
specific  gravity  of  the  gas  and  partly  on  the  pressure  of  the 
gas.  The  greater  the  pressure  of  the  gas  and  the  longer  the 
tube,  the  greater  the  specitic  gravity  of  the  gas  and  the 
shorter  the  tube.  The  barometer  did  not  afEect  it  in  the 
least. 

In  answer  to  a  question.  Prof.  Forbes  said  that  he  had 
experimented  in  some  very  deep  mines  in  the  neighbourhood 
of  Glasgow.  One  of  the  deepest  he  had  been  in  was  the  pit 
of  Messrs.  Merry  and  CanniDgham,  next  to  the  Blantyre 
pit. 

Mr.  Evans,  Inspector  of  Mines,  said  he  was  very  much 
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delighted  to  have  had  the  privilege  of  hearing  Prof.  Forbes' 
description  of  his  instrument.  If  it  could  be  brought  into 
practical  use  there  was  no  doubt  it  would  prove  very  valua- 
ble, especially,  as  Mr.  Dickinson  had  said,  in  mines  where 
powder  was  used,  and  in  which  there  was  a  mixture  of  coal 
dust.  The  difficulty  he  saw  about  it  was  that  it  might 
be  too  delicate  an  instrument  for  ordinary  use  by  a  working 
man. 

Prof.  Forbes  said  that  anybody  could  work  it :  of  that  he 
thought  there  could  be  no  doubt.  In  answer  to  another 
question  the  Professor  said  he  had  no  reason  to  believe  that 
the  coal  dust  present  in  a  mine  affected  the  indications  of 
the  instrument  in  the  slightest.  The  two  per  cent.,  or  what- 
ever might  be  the  proportion  of  gas,  would  be  indicated  all 
the  same,  so  far  as  he  knew. 

Mr.  Charles  S.  Jackson  said  that,  speaking  from  his 
experience  of  some  mines  in  the  neighbourhood  of  Wigan, 
he  believed  the  instrument  would  be  of  the  greatest  utility, 
if  it  did  all  that  was  claimed  for  it,  of  which  he  had  no 
doubt.  In  a  mine  now  being  worked  at  Westleigh  he  had 
seldom  or  never  seen  a  cap  before  seeing  an  explosion  in 
the  lamp.  That  arose  from  the  great  purity  of  the  gas  in 
that  seam. 

Prof.  Forbes  said  that  that  was  an  extremely  interesting 
point,  of  which  he  had  never  heard  before.  It  indicated  a 
field  where  the  instrument  would  be  of  the  greatest  use. 
In  reply  to  an  observation  by  Mr.  Livesey,  Prof.  Forbes 
said  he  had  no  hesitation  in  saying  that  the  purer  the  gas 
the  quicker  the  indications  of  this  instrument  would  be. 

Mr.  Livesey  said  in  that  case  the  instrument  would  be  of 
the  greatest  value,  inasmuch  as  it  would  indicate  exactly 
what  the  proportion  of  gas  was,  whereas  now  they  had  a 
very  rough  rule  of  thumb  way  of  arriving  at  it.  There 
might  be  a  dangerous  explosive  mixture,  and  yet  they 
would  scarcely  find  it  in  the  lamp  at  all. 
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Prof.  Dawkins  said,  as  one  who  was  totally  iiDacquamtedT 
with  mining,  he  wished  to  expresa  the  extreme  pleasure 
with  which  he  bad  listened  to  such  an  ingenious  mode  of 
applying  a  method  of  precinion  lu  meaanrjng  what  before 
was  not  measured  with  accuracy.  He  certainly  thought, 
a  mere  matter  of  scientific  inquiry.  Prof.  Forbea's  instrumeot 
was  one  that  was  to  bo  welcomed  by  them  all,  whether  they 
were  interested  in  coal  mining  or  not. 

In  answer  to  a  question,  Prof.  Forbes  said  that  the  present 
price  of  the  instrument  was  £10,  and  that  the  makers  were 
Messrs,  Mc.Gillwray  und  Soobbie,  of  Anderson's  College 
workshops,  Glasgow. 
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ON    THE    LONO    WALL    SYSTEM    OF 

WORKING    COAL. 

Bt  W.  J.    Grimshaw,  F.G.S.,   and   Hbrbbrt  Phillips. 
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Part  II. 


If  part  of  a  rigid  or  resisting  body  be  8abtraot«d  in  sach 
manner  as  to  leave  an  overlying  portion,  this  portion  will 
become  subject  to  a  more  lively  molecular  action.  la  other 
words,  the  overlying  portion,  being  deprived  of  its  rigid 
support,  becomes  subject  to  an  amount  of  disturbance,  which 
varies  in  intensity  according  to  its  nature  and  the  amonnt 
of  artificial  support  substituted  for  the  rigid  support  of  the 
strata  excavated. 

When  workings  are  headed  out  over  a  large  area,  the 
pillars  have  to  sustain  the  sum  total  of  the  euperincumbant 
weight.  Assuming  that  coal  will  not  bear  a  pressure  gi«ater 
than  (say)  2000  lbs.  to  the  square  inch,  it  becomes  evident 
that,  at  a  certain  depth,  the  static  weight  on  the  coal  will 
approach   the  crushing   point,   and    theoretically   a   small 
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amount  of  excavation  would  cause  that  point  to  be  reached. 

But  here  several  matters  require  consideration — such  as 
the  nature  of  the  roof  and  floor — ^as  these  are  very  important 
&ctor8.  Broof  falling  in  a  heading  or  comparatively  narrow 
place,  generally  falls  in  such  manner  as  to  leave  the  opening 
somewhat  in  an  arched  form — while  a  roof  will  sometimes 
bend  tiU  it  touches  the  floor,  when  the  coal  has  been  gotten. 

Possibly  there  may  be  a  difference  in  the  atomic  structure 
of  coal  lying  at  a  great  depth — ^but  this  is  a  purely  hypo- 
thetical consideration.  That  depth  has  a  very  serious  effect 
in  pulverising  a  coal  seam  is  well  known. 

The  generation  of  gas  may  depend  upon,  or  rather  be 
influenced  by,  several  conditions,  and  doubtless  these  con- 
ditions vary  materially  in  different  cases.  When  part  of  the 
coal  is  extracted,  the  remainder  is  subjected  to  an  increased 
weight,  resulting  from  the  pressure  of  the  upper  strata  and 
also  to  a  lessening  or  removal  of  the  lateral  pressure.  When 
this  weight  is  on,  gas  is  frequeutly  given  off  in  large 
quantities  and  continues  to  be  given  off  till  the  extra 
make,  due  to  the  increased  pressure  has  become  exhausted, 
or  the  pillars  have  become  so  shattered  as  to  be  only  in 
slight  resisting  contact  with  the  roof.  The  zone,  (if  it  may 
be  so  called,)  of  generation  will  extend  throughout  the  field 
of  pillars,  so  that  to  nullify  risk  it  is  necessary  to  scour  all  the 
pillar  surfaces  with  wind.  The  numerous  angles  of  the  pillars 
render  this  operation  somewhat  unsatisfactory  at  times.  In 
the  long  wall  workings  the  zone  of  gas  generation  will 
be  limited  to  a  space  bounded  on  one  hand  by  the  coal  wall 
and  on  the  other  by  that  point  at  which  the  super-pressure 
has  become  so  great  upon  the  goaf  as  to  resist  or  subdue  the 
expansive  force  of  the  gas.  Where  the  mine  is  deep  and  the 
roof  flexible  the  zone  will  be  narrow,  where  shallow  and 
rocky  it  will  of  course  be  wider.  From  measurements 
recently  made,  the  writers  have  found  that  a  long  wall  goaf 


ib  practically  impervious  to  gm  generatioQ,  according  to  tho 
following  table : — 

Depth  of  Roof.  Float,  Diitance  of  solid 

Mine.  go&f  behind  fkcea, 

75  yds..  .Flexible  aad  soft.  .Henves  a.  little.  .18  to  20  yds. 
I  100   „ 

1150    „        Rook  and  bind.     40  to  50    „ 

[  SOO    „        Shale  and  rock  bands ^0  to  40    „ 

>    ,,        Shale  and  rock  bands 25  to  30     ,. 

[.800    „        Strong  shale  and  rook 40  to  50    „ 

Then  there  is  also  this  consideration  ;  If  the  goaf  is  open 
I-  lor  the  generation  of  gas  it  is  also  open  for  the  circulation  of 
I  wind.'  Should  the  goaf  rir*e  to  the  faces  or  "  banks,"'  the 
I  gas  will  flow  into  the  air  currents  and  consequently  be  car- 
■  ried  away  as  generated.  Should  the  other  condition  obtain  and 
the  ^oaf  di])  tiiward-i  the  ''  bj,nl;>',"  an  allowance  of  wind  to 
go  up  and  dotrn  the  gateways  will  moat  likely  be  necessary. 
Weight  or  pressure  acoelerates  or  quickens  the  generation 
of  gas.  Supposing  coal  to  contain  the  same  amount  of  gas 
at  all  depths,  and  that  it  be  of  uniform  texture  or  hardneaa, 
then  generation  of  gas  (in  a  given  time)  might  be  expected 
to  increase  in  direct  proportion  to  the  depth  of  the  overlying 
meaauroa.  This  would  certainly  be  the  case ;  but,  as  a  rule, 
it  is  found  that  seams  lying  at  great  depths  have  less  genera- 
tive power  than  seams  lying  at  less  distance  from  the  aur- 
face.  Mr.  N.  Wood  (p.  14,  vol  x.  of  the  "  Transactions  of 
the  North  of  England  Institute  "  )  gives  an  instance  of  this 
in  the  same  seam  at  adjoining  collieries.  Allowing,  how- 
ever  for  this,  the  atatement  that  generative  power  is  in  pro- 
portion to  depth,  will  still,  hold  good,  for  whatever  may  be 
the  amount  of  gas  contained  in  a  seam,  it  will  be  generated 
at  a  quicker  rate,  under  a  heavy  than  under  a  lighter  pres- 
aure.  What  are  termed  "weights"  will  generally  increase 
the  influx  of  gas.  During  the  action  of  a  weight  the  state  of 
glow  motion  in  which  the  auper-strata  must  be,  increases  the 
pressure  on  the  coal   faces  by  causing  a  kind  of  grinding 
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action.  From  experiments  recently  made  by  the  writers, 
they  found  that  the  temperature  of  the  coal  in  the  gate- 
roads  was  sensibly  increased  during  a  weight.  Bippings 
are  of  course  a  considerable  source  of  expense;  and  in 
making  a  road  it  is  very  necessary  to  take  into  consider- 
ation the  time  for  which  it  will  be  needed.  If  a  road 
will  be  required  for  only  six  months,  it  is  absurd  to  make  it 
in  such  a  permanent  manner  that  it  will  last  as  many  years. 
When  we  come  to  deal  with  the  question  of  relative  cost,  we 
shall  find  that  the  straightwork  of  the  pillar  and  stall  system 
has  to  be  pitted  against  or  compared  with  the  goaf  roads  of 
the  longwall  system — ^bearing  strictly  in  mind  the  purposes 
served  by  each,  and  the  advantages  and  drawbacks  of  each. 

It  is  worthy  of  note,  that  in  working  large  pillars  of  coal 
by  so-called  "longwork"  the  packing  of  the  goaf  is  not  so 
well  attended  to,  as  a  rule,  as  it  is  when  there  are  practically 
no  pillars,  and  upon  the  advancement  of  the  face  depends 
the  whole  output  of  the  pit.  This  is  not  to  be  wondered  at, 
for  two  reasons.  Firstly,  there  is  not  the  same  need  to  keep 
the  faces  clear,  because  the  mine  is  so  subdivided  that  no 
total  stoppage  of  operations  is  at  all  likely  to  take  place, 
a  comparatively  safe  ventilation  is  more  easily  practicable, 
and  the  inducements  to  pack  well  and  thoroughly  are  often 
wanting,  because  a  worked-out  pillar  is  abandoned.  Secondly, 
in  many  mines  the  material  required  is  wanting,  and  cannot 
be  obtained  without  thick  rippings.  In  longwall  working 
but  few  explosions  have  resulted  from  standing  gas  in  the 
goaf,  but  instances  of  outbursts  from  the  floor  or  roof  have 
been  comparatively  frequent,  and  it  is  within  the  range  of 
possibility  that  the  system  of  working  may  render  possible 
these  occurrences  more  often  than  would  the  pillar  and  stall 
or  other  systems.  In  some  cases,  more  especially  where  a 
fairly  straight  face  is  being  worked,  both  the  roof  and  floor 
may  remain  almost  intact  while  the  face  advances  a  con- 


is  practically  impervious  to  gas  f^eueration,  according  to  the 
foUowing  table : — 

Daptii  of  Roof.  Floor.  Dietaaco  of  solid 

Hias.  goat  behind  lacna, 

75  yds..  .Flexible  and  soft.  .Heiives  a  little. .!«  to  20  yds. 
100    „ 

150    „        Rock  and  bind.     40  to  50    „ 

aOO    „        Shale  and  rock  bands 20  to  40    „ 

250    „        Shale  and  rock  banda 25  to  30     „ 

300    „        Strong  ahale  and  rock 40  to  50    „ 

Then  there  is  also  this  consideration  :  If  the  goaf  is  open 
for  the  generation  of  gas  it  is  also  open  for  the  circulation  of 
wind."  Should  the  goaf  rise  to  the  faces  or  "  banks,"  the 
gas  will  flow  into  the  air  currents  and  consequently  be  car- 
ried away  as  generated.  Should  the  other  coadition  obtain  and 
the  goaf  dip  towai'd-i  the  "  biinki."  an  allowanre  of  wind  to 
go  up  and  down  the  gateways  will  most  likely  be  neceaaary. 
Weight  or  pressure  accelerates  or  quickens  the  generation 
of  gas.  Supposing  coal  to  contain  the  same  amount  of  gas 
at  all  depths,  and  that  it  be  of  uniform  texture  or  hardneea, 
then  generation  of  gas  (in  a  given  time)  might  be  expected 
to  increase  in  direct  proportion  to  the  depth  of  the  overlying 
measures.  This  would  certainly  be  the  case ;  but,  as  a  rule, 
it  is  found  that  scams  lying  at  great  depths  hare  tees  genera- 
tive power  than  seams  lying  at  less  distance  from  the  sur- 
face. Mr.  N.  Wood  (p.  14,  vol  x.  of  the  "  Transactions  of 
the  North  of  England  Institute  "  )  gives  an  instance  of  this 
in  the  same  seam  at  adjoining  collieries.  Allowing,  how> 
ever  for  this,  the  statement  that  generative  power  is  in  pro- 
portion to  depth,  will  still,  hold  good,  for  whatever  may  be 
the  amount  of  gas  contained  in  a  seam,  it  will,  be  generated 
at  a  quicker  rate,  under  a  heavy  than  under  a  lighter  pres- 
sure. What  are  termed  "weights"  will  generally  increase 
the  influx  of  gas.  During  the  action  of  a  weight  the  state  of 
slow  motion  in  which  the  super-strata  must  be,  increases  the 
pressure  on  the  ooal  faces  by  causing  a  kind  of  grinding 
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aotion.  From  experiments  recently  made  by  the  writers, 
they  found  that  the  temperature  of  the  coal  in  the  gate- 
roads  was  sensibly  increased  during  a  weight.  Bippings 
are  of  course  a  considerable  source  of  expense^  and  in 
making  a  road  it  is  very  necessary  to  take  into  consider- 
ation the  time  for  which  it  will  be  needed.  If  a  road 
will  be  required  for  only  six  months,  it  is  absurd  to  make  it 
in  such  a  permanent  manner  that  it  will  last  as  many  years. 
When  we  come  to  deal  with  the  question  of  relative  cost,  we 
shall  find  that  the  straightwork  of  the  pillar  and  stall  system 
has  to  be  pitted  against  or  compared  with  the  goaf  roads  of 
the  longwall  system — bearing  strictly  in  mind  the  purposes 
served  by  each,  and  the  advantages  and  drawbacks  of  each. 

It  is  worthy  of  note,  that  in  working  large  pillars  of  coal 
by  so-called  "longwork"  the  packing  of  the  goaf  is  not  so 
well  attended  to,  as  a  rule,  as  it  is  when  there  are  practically 
no  pillars,  and  upon  the  advancement  of  the  face  depends 
the  whole  output  of  the  pit.  This  is  not  to  be  wondered  at, 
for  two  reasons.  Firstly,  there  is  not  the  same  need  to  keep 
the  faces  clear,  because  the  mine  is  so  subdivided  that  no 
total  stoppage  of  operations  is  at  all  likely  to  take  place, 
a  comparatively  safe  ventilation  is  more  easily  practicable, 
and  the  inducements  to  pack  well  and  thoroughly  are  often 
wanting,  because  a  worked-out  pillar  is  abandoned.  Secondly, 
in  many  mines  the  material  required  is  wanting,  and  cannot 
be  obtained  without  thick  rippings.  In  longwall  working 
but  few  explosions  have  resulted  from  standing  gas  in  the 
goaf,  but  instances  of  outbursts  from  the  floor  or  roof  have 
been  comparatively  frequent,  and  it  is  within  the  range  of 
possibility  that  the  system  of  working  may  render  possible 
these  occurrences  more  often  than  would  the  pillar  and  stall 
or  other  systems.  In  some  cases,  more  especially  where  a 
fairly  straight  face  is  being  worked,  both  the  roof  and  floor 
may  remain  almost  intact  while  the  face  advances  a  con- 


Biderable  distance,  then  if  the  packing  has  not  been  well 
attended  to  and  kept  up,  when  the  weight  comes  on  a 
oonaiderable  body  of  gas  may  be  suddenly  liberated.  "WTiere 
the  roof  faUs  close  behind  the  packs  we  do  not  hear  of  the 
occurrence  of  tliese  outbursts;  but  it  does  not  by  any  means 
follow  that  gas  is  not  liberated,  most  probably  it  ia,  but  in 
such  small  and  frequent  volumes  as  to  be  almost  imper- 
ceptible. There  can  be  little  doubt  that  careful  and 
judicious  packing  will  often  prevent  the  occurrence  of  an 
outburst  of  gas.  When,  with  a  fairly  straight  face,  a 
rupture  of  the  roof  takes  place  through  insufficient  packing 
or  some  unforeseen  general  cause,  that  rupture  is  likely  to  be 
on  a  larger  scale  and  to  liberate  more  gas  than  any  fracture 
which  could  take  place  under  the  ordinary  conditions  of 
pillar  and  stall  working.  The  true  use  of  packing  is  to 
serve  aa  a  buffer  between  the  roof  and  floor  of  a  mine  in  order 
to  prevent  a  too  violent  contact,  and  on  its  proper  perform- 
ance dopenda,  in  great  measure,  the  safety  of  the  men 
employed,  and  the  economical  working  of  the  coaL 

We  have  been  kindly  supplied  with  the  following  infor* 
mation  with  reference  to  the  working  of  the  Top  Hard 
Seams  at  a  Derbyshire  Colliery. 

Section  of  Mine. 

Ijeft  for  roof,  unsale-  [  Goal  and  dirt 0  6  l  ^ 

able (  Comb  coal 1  I/^     ' 

Clunch  (Holing)   .  .  0    8i 

Beet  soft  coal    0  lli\ 

Sold     together     as     /Rifter     0  6i  ( ,     „, 

steam  hard \  Soft  coal    0  3    ( **     ^* 

Best  hard  coal  ....  1  6^  J 

Used    for    building    ( Soft  coal    0  4    \ 

packs    (difficult  to-^  Sack 0  OJ  [  1     0 

sell) (.Bottom  soft  (Infr.)..  0  7j) 

L,ftdow„l.raoor..{S,»^J-^-;;-;;;»  «|jo    4* 
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Strong  cluncli    6  to  7  ft. 

Strong  stoney  cluncli    *. . . .  6  to  7  ft. 

Strong  grey  stone depth  unknown. 

The  strata  overlying  the  mine,  reading  from  the  inferior 
coal  left  for  roof  is  : — 

Feet  In. 

Strong  Bindy  with  thin  ironstone  beds  ....     3     0 

Soft  Bind 10 

Strong  grey  stone 32     0 

Cank  (strong) 3     0 

The  length  of  the  stalls  is  30  yards,  and  the  distance 
between  the  cross  gates,  100  yards.  The  weights  are  violent 
if  the  face  gets  out  of  line,  but  subside  gently  if  it  is  straight 
throughout  the  whole  length  of  stalls.  The  quantity  of  air 
circulating  is  89,000  cube  feet  per  minute,  in  two  splits  of 
67,000  and  32,000  cube  feet  respectively.  The  water  guage 
is  li^>  inch. 

In  ventilating  longwall  workings  the  air  is  taken  direct 
to  its  work,  and  the  amount  of  waste  that  requires  to  be 
aired  is  comparatively  insignificant.  Of  course,  the  venti- 
lation of  longwall  workings  does  not  difier  in  any  material 
degree  from  the  methods  in  ordinary  use.  The  only  advan- 
tage it  can  claim  is  the  simplicity  of  its  arrangement.  The 
air  is  now  split  much  more  frequently  than  formerly,  and 
greater  attention  is  paid  to  the  ventilation.  Having  a 
certain  amount  of  power  at  baud,  colliery  proprietors  seem 
determined  to  utilize  it  fully,  and  large  quantities  of  air  are 
circulated  through  many  of  the  collieries.  One  colliery, 
about  300  yards  deep,  working  the  hard  and  soft  coals, 
has  five  splits  in  the  hard  coal,  averaging  16,800  cube 
feet  per  minute  each,  and  five  splits  in  the  soft  coal, 
averaging  12,000  cube  feet  per  minute  each — or  a  total 
volume  of  144,000  cube  feet. 

The  discussion  was  postponed  until  the  three  Parts  are  in  the 
hands  of  the  members. 
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MANCHESTER    GEOLOGICAL    SOCIETY. 

Pabt  XYI.  Vol.  XV.  Session  1879-80. 

At  the  Ordinary  Meeting  of  the  Members  of  the 
Society^  held  on  Tuesday,  the  27th  day  of  April,  in 
the  Literary  and  Philosophical  Society's  Rooms,  George 
Street,  Manchester ; 

Professor  W.  Boyd  Dawkins,  M. A.,  F.R.S.,  Vice-President, 

in  the  Chair. 

Mr.  John  Hargreaves,  Paper  Manufacturer,  Winkhill, 
near  Leek,  Staffordshire,  was  elected  an  ordinary  member. 


DISCOVERY  OF  BOULDERS. 


Mr.  AiTKEN  said :  Before  we  proceed  with  the  regular 
business,  as  indicated  by  the  circular,  I  should  like  to  call 
the  attention  of  the  Society  to  three  boulders  which  have 
recently  been  discovered  in  this  locality.  The  first  occurred 
in  the  main  sewer  which  is  being  made  at  Flixton.  From  the 
description  I  have  received  of  it,  I  suppose  it  will  weigfi 
some  two  tons ;  it  is  not,  therefore,  a  very  large  one.  The 
second  boulder  was  discovered  at  Urmston.  This  is  larger 
than  the  Flixton  one,  being  upwards  of  four  feet  in  length, 
and  I  suppose  it  will  weigh  about  three  tons.  The  third 
boulder  was  discovered  during  the  excavations  being  con- 
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dueled  by  the  Rochdnlc  Caiiul  Company,  in  Leea  Street, 
Piccadilly,  Manchoster,  and  is  larger  than  the  last-nanied, 
being  estimated  to  weigh  about  four  tons,  it  is  now  placed 
in  Alexandra  Park,  in  this  city-  In  addition  to  these 
three  —  which  have  not  previously  been  mentioned  — 
there  ia  one  recorded  by  Mr,  Binney  in  the  Tnm- 
saotions  of  the  Manchester  Literary  and  Philosophical 
Society  for  the  year  1877,  which  was  an  extremely  large 
block,  its  weight  being  estimated  at  50  tons.  This  also 
occurred  in  a  sewer,  and  offered  such  decided  obstruction  to 
the  cutting  of  the  drain  that  blasting  had  to  be  resorted  to, 
and,  I  believe,  the  drain  eventually  was  carried  through  the 
very  centre  of  that  large  mass  of  rock.  The  peculiarity 
of  these  boulders  arises  from  the  natare  of  the  stone 
itself,  which  is  a  very  fine  hard  siliceous  grit  io 
most  coses  approaching  quartzite  in  structure.  The 
fractured  edge,  it  will  be  noticed,  is  almost  as  aharp 
as  a  knife,  and,  strange  to  say,  the  whole  of  tiieao  four 
boulders  seem  to  have  been  derived  from  one  eooroe^ 
being  almost  identical  in  texture,  colour,  and  composition. 
The  very  large  one  found  at  Old  Trafibrd,  and  described 
by  Mr.  Binney,  is,  perhaps,  a  little  coarser  in  texture  than 
the  others.  They  have  been  examined  by  several  geolo- 
gists well  acquainted  with  the  rocks  in  Lancashire  and 
the  northern  parts  of  England,  all  of  whom  experienoe 
great  difficulty  in  deciding  aa  to  their  origin.  I  do  not 
myself  know  of  any  rook  which  answers  to  the  oharaoter 
of  these  particular  stones.  Another  remarkable  fact  is 
that  they  all  seem  to  lie  in  one  line,  almost  east  and 
west  of  each  other.  Whether  this  is  accidoital,  or  whether 
the  source  from  whence  they  came  is  to  be  sought  for 
in  that  direction,  I  am  unable  to  say ;  hut  such  is  Qie  tact- 
All  the  boulders,  I  should  eay,  are  distinotly  striated  on 
the  surface,  are  sub-angulor,  and  roaghly  oubiool  in  form. 
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Mr.  Mabk  Stirrup  said  with  regard  to  one  of  the 
boulders  mentioned  by  Mr.  Aitken — ^that  found  near 
Picoadilly,  which  had  since  been  deposited  in  the  Alexandra 
Paric — ^it  seemed  to  have  suffered  a  good  deal  of  damage 
previously.  One  gentleman  who  was  connected  with  the 
supervision  of  the  works  in  Piccadilly,  told  him  that  it  was 
very  likely  only  a  re-discovery :  it  was  very  probable  the 
boulder  was  originally  in  the  bed  of  the  canal,  and  it  had, 
he  supposed,  been  simply  got  out  of  the  way  and  reburied, 
because  there  had  evidently  been  large  pieces  broken  off 
it,  and  the  fractures  were  apparently,  not  of  very  old  date. 
There  were  still,  however,  very  evident  signs  of  ice  marks 
upon  the  boulder.  It  was  of  large  size,  and  very  interest- 
ing to  see. 

FOSSIL  TREES. 


Mr.  Aitken  said :  Perhaps  you  will  also  allow  me  to  bring 
under  your  notice  the  fact  that  in  some  excavations  recently 
made  at  Oldham  a  number  of  erect  trees  have  been  dis- 
covered. The  excavations  were  made  in  getting  shale  for  the 
purpose  of  making  bricks.  The  quarry  has  been  worked  I 
believe  for  about  three  years ;  and  I  am  told  by  Mr.  Neild, 
who  resides  near  the  place,  and  has  visited  it  frequently, 
that  some  scores  of  fossil  trees  have  been  found  during  that 
period.  I  paid  a  visit  to  the  quarry  about  a  week  ago, 
and  found  two  erect  trees  in  aitUy  one  was  18  inches 
in  diameter  and  about  8  feet  high,  and  I  learned  that 
about  6  feet  of  it  had  been  removed  before  the  time  of 
my  visit.  The  roots  spread  out  forming  a  large  stool,  and 
having  been  bared  for  the  purpose  of  examination  presented 
a  very  interesting  and  remarkable  feature.  There  was 
another  tree  about  3  feet  high,  and  of  rather  larger  dia- 
meter ;  but  some,  I  beUeve,  have  been  discovered  in  this 


quarry  upwards  of  2  feet  in  diameter,  and  of  greater 
length  than  any  I  have  mentioned.  They  seem  all  to  stand 
upon  one  general  level  and  in  the  stratum,  which  undcrUes 
the  roota  there  are  found  a  large  number  of  fossil  ferns, 
calamites,  and  other  vegetable  remains.  The  trunks  are 
not  perfectly  vertical,  in  consequence  of  the  rock  in  which 
they  are  embedded  having  been  tilted  over  to  an  angle 
of  six  or  eight  degrees.  Besides  the  trunks  I  have 
mentioned  there  are  indications  of  elevoii  more  which  have 
been  removed  by  the  workmen.  The  concave  surfaces  left 
in  the  face  of  the  rock  are,  however,  still  visible.  Some  of 
these,  also,  have  been  of  very  considerable  height  and  large 
diameter.  They  may  still  be  examined  by  any  one  who  feela 
sufficiently  interested  in  the  matter.  The  quarry  is  on  the 
north-east  side  of  Oldham,  at  Oldham  Edge,  and  near  the 
Lower  Moor  Colliery. 

The  Chairman  (Prof.  Dawkins)  said  he  quite  agreed  with 
Mr.  Aitken  with  regard  to  these  trees ;  they  certainly  were 
Uie  most  remarkable  instance  of  the  exposure  of  a  carbonifer- 
ous forest  to  day -light  he  had  ever  seen.  He  did  not  betieve 
in  this  country  we  had  ever  had  so  fine  an  illu^traticm  of  the 
way  in  which  the  trees  grew,  and  of  the  way  in  which  ^i^  had 
been  preserved,  as  in  that  place.  The  st^ns  of  the  trees 
might  be  seen  close  to  one  another — two  were  quite  close 
together — conveying  an  idea  of  the  dense  oondition  of  the 
carboniferous  forest,  of  which  they  formed  a  part. 
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ON  THE  LONG  WALL  SYSTEM  OF 

WORKING  COAL. 

Bt  W.  J.  Grimshaw,  F.G.S.,  and  Herbert  Phillips. 


Part  III. 

In  oomparing  modes  of  coal  getting  it  is  very  requisite  to 
take  into  account  the  comparative  getting  facilities  of 
different  coals  as  the  getting  facility  has  an  important  bearing 
upon  the  ''charters"  and  the  get  per  head. 

It  may  be  remarked,  en  passant,  that  collating  the  number 
of  tons  wrought  per  life  lost,  is  as  a  test  of  efficient  working, 
to  a  certain  extent,  misleading.  If  in  one  district  two  tons 
of  ooal  are  wrought  as  easily  as  one  ton  in  another  district, 
it  should  follow,  other  considerations  apart,  that  the  greater 
'*  get"  per  life  lost  should  be  in  the  former  district.  The 
reverse  may,  however,  be  the  case  when  the  hardly  wrought 
seam  is  gotten  by  a  superior  system  to  the  more  easily 
worked  one,  but  cases  in  which  such  a  great  difference 
obtained  would  be  very  few  and  far  between.  A  record  of 
the  time  spent  under  ground  during  the  year  by  the  total 
number  of  under  ground  employes  might  possibly  be  a  useful 
record  for  comparison,  and  would  certainly  be  an.interesting 
one.  An  account  of  the  relative  progress  of  different  systems 
of  working  coal  during  (say)  the  last  ten  years,  would  afford 
some  valuable  information,  but  such  a  review  would  require 
very  careful  and  cautious  handling. 

The  circumstances  under  which  a  miner  can  get  the 
greatest  quantity  of  coals,  are  when  his  thorough  and  con- 
tinued attention  and  efforts  can  be  applied  to  the  department 
for  which  he  is  best  suited.  The  skilled  miner  should — to 
obtain  the  best  results — devote  the  whole  of  his  time  to 
skilled  work. 

Any  deviation  to  work  which  could  be  done  by  a  less 
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quarry  upwards  of  2  feet  in  diameter,  and  of  greater 
length  than  any  I  have  mentioned.  They  seem  all  to  stand 
upon  one  general  level  and  in  the  stratum,  which  underlies 
the  roots  there  are  found  a  large  number  of  fosail  ferns, 
calaraites,  and  other  vegetable  remains.  The  trunks  are 
not  perfectly  vertical,  in  consequence  of  the  rock  in  which 
they  ore  embedded  ha^'ing  been  tilted  over  to  an  angle 
of  six  or  eight  degrees.  Besides  the  trunks  I  have 
mentioned  there  are  indications  of  eleven  more  which  have 
been  removed  by  the  workmen.  The  concave  surfaces  left 
in  the  face  of  the  rock  are,  however,  atill  visible.  Some  of 
these,  also,  have  been  of  very  considerable  height  and  large 
diameter.  They  may  still  be  examined  by  any  one  who  feele 
sufficiently  interested  in  the  matter.  The  quarry  is  on  tha 
north-east  aide  of  Oldham,  at  Oldham  Edge,  and  near  the 
Lower  Moor  Colliery. 

The  Chairman  (Prof.  Dawkins)  said  he  quite  agreed  with 
Mr.  Aitken  with  regard  to  these  trees ;  they  oertaLnly  were 
the  most  remarkable  instance  of  the  exposure  of  a  carbonifer- 
ous forest  to  day-light  he  had  ever  seen.  He  did  not  bdiere 
in  this  country  we  had  ever  had  so  fine  aa  illoBtratitHi  of  the 
wayinwhichthetreesgrew.andof  the  way  in  which  they  had 
been  preserved,  as  in  that  place.  The  steniB  of  the  trees 
might  be  seen  close  to  one  another — two  were  quite  close 
together — conveying  an  idea  of  the  dense  oooditios  of  the 
oarboniferooB  forest,  of  which  they  formed  a  part. 
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ON  THE  LONG  WALL  SYSTEM  OF 

WORKING  COAL. 

By  W.  J.  Grimshaw,  F.G.S.,  and  Herbert  Phillips. 


Part  III. 

In  oomparing  modes  of  coal  getting  it  is  very  requisite  to 
take  into  account  the  comparative  getting  facilities  of 
different  coals  as  the  getting  facility  has  an  important  bearing 
upon  the  ''charters''  and  the  get  per  head. 

It  may  be  remarked,  en  passant,  that  collating  the  number 
of  tons  wrought  per  life  lost,  is  as  a  test  of  efficient  working, 
to  a  certain  extent,  misleading.  If  in  one  district  two  tons 
of  ooal  are  wrought  as  easily  as  one  ton  in  another  district, 
it  should  follow,  other  considerations  apart,  that  the  greater 
''get"  per  life  lost  should  be  in  the  former  district.  The 
reverse  may,  however,  be  the  case  when  the  hardly  wrought 
seam  is  gotten  by  a  superior  system  to  the  more  easily 
worked  one,  but  cases  in  which  such  a  great  difference 
obtained  would  be  very  few  and  far  between.  A  record  of 
the  time  spent  under  ground  during  the  year  by  the  total 
number  of  under  ground  employes  might  possibly  be  a  useful 
record  for  comparison,  and  would  certainly  be  an.interesting 
one.  An  account  of  the  relative  progress  of  different  systems 
of  working  coal  during  (say)  the  last  ten  years,  would  afford 
some  valuable  information,  but  such  a  review  would  require 
very  careful  and  cautious  handling. 

The  circumstances  under  which  a  miner  can  get  the 
greatest  quantity  of  coals,  are  when  his  thorough  and  con- 
tinued attention  and  efforts  can  be  applied  to  the  department 
for  which  he  is  best  suited.  The  skilled  miner  should — to 
obtain  the  best  results — devote  the  whole  of  his  time  to 
skilled  work. 

Any  deviation  to  work  which  could  be  done  by  a  less 
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dulled  workman  is  a,  loss  of  economy,  yet  this  is  on  ofteD- 
broken  rule.  The  hewer  wastes  his  time  in  loading,  the 
loader  wastes  his  time  in  tramming,  and  the  management 
loses  by  both.  The  advantages  of  a  proper  division  of 
labour  are  not  thoroughly  and  generally  understood.  People 
constantly  engaged  in  some  manual  occupation  often  attain 
B  skill  which  seems  marvellous  to  an  observer.  Constant 
practice  seems  to  endow  them  with  a  kind  of  intuition  or 
almost  instinct,  which  is  nearly  infallible.  It  is  claimed  for 
the  long  wall  system  that  the  principle  of  adjusting  the 
right  man  to  the  right  place  and  keeping  him  there,  can  be 
adopted  more  readily  than  in  any  other  system.  Holers  or 
ondercutters  are  generally  active  young  men,  who  are  veiy 
expert  with  the  pick.  The  packing  and  timbering  is  done 
by  the  stallmen  or  contractors.  Loaders  are  generally  more 
remarkable  for  strength  than  skill,  in  fact,  the  form  in 
vhiob  many  of  the  coals  get,  requires  considerable  strength 
in  the  loaders  to  put  the  blocks  entire  into  the  trams,  thus 
getting  rounder  oool  and  saving  the  waste  which  would  be 
entailed  by  breakage.  Tramming  is  principally  performed 
by  boys  under  the  direction  of  a  few  men.  All  thoM 
separate  operations,  the  first  three  of  which  ate,  in  some 
systems,  done  by  the  same  man  or  men,  are  relegated  to 
men  who  follow  the  same  work  for  years.  The  last  meo- 
tioned  operation — tramming — has  a  very  important  infla- 
ence  on  all  the  others.  We  are  taking  for  granted  that  the 
haulage  arrangements  will  permit  of  a  necessary  supply  of 
trams  at  the  different  points  where  required  for  distribution. 
Nothing  wiU  tend  more  to  elevate  "  charters  "  than  irrega- 
lar  supply  of  trams.  If  the  demand  on  the  stallmen's  eflbrts 
flnotuatee,  the  maximum  capability  cannot  be  orriTed  at. 
At  one  time  getters  and  loaders  are  wasting  time  in  waiting 
for  trams ;  at  another,  coals  cannot  be  obtained  from  the 
working  places.     Such  arrangements  as  will  ensure  a  suffi- 
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Gient  and  regolar  supply  of  trams  to  eaoli  stall  are  most 

economical.     If  this  rule  be  followed,  in  a  short  time  the 

mam'Tnum  producing  power  of  each  stall  will  be  ascertained 

and  in  this  position    the    charter  for   getting  reaches  its 

Tninimum,  and  will  then  be  ruled  by  market  influences  only. 

Strength  or  hardness  of  seam  has,  of  course,  an  important 

bearing  on  the  getting  price.     This  is  especially  the  case 

with  the  ''Top  Hard"  coal  at  some  of  the  Midland  Collieries. 

Those  who  are  acqxiainted  with  the  hard  textural  structure 

of  the  **  Deep  Hard  "  and  "  Main  "  coal  seams,  will  perhaps, 

endorse  the  statement  that  to   get   them  by  a  "  post  and 

pillar  system  "  would  be  an  extremely  difficult  undertaking, 

in  a  paying  sense.     The  undercutting  in  either  of  these 

seams    costs  from  6d.  to  8d.  per  lineal  yard — the  depth 

under  yarjring  from  3ft.  to  4ft.     It  is  sometimes  in  coal, 

but  where  possible  in  the  fireclay.     Where  the  "webb" 

or  undercut  coal  will  not  come  down  by  the  influence  of 

gravity  and  weight,  the  coal  is  cut  to  the  solid,  such  cutting 

often  causing  it  to  fall  right  and  left  for  some  distance,  or  if 

not,  giving  a  good  "  buttock  "  or  "  spurn  "  to  blast  from. 

This  cutting  is  paid  for  at  the  rate  of  6d.  to  8d.  per  lineal 

foot. 

Table  A. 

The  following  are  the  prices  paid  for  headings  in  these 

seams — giving  the  width  and  height  of  the  drivings  : — 


Name  of  Seam. 

Deep  Hard.. . . . . 

Ditto 

Deep  Soft 

Furnace  Coal .... 


Width. 

Height. 

Price 
per  Yard. 

ft.  io. 

ft   in. 

6     0 

3     0 

6/6 

8     0 

3     0 

7/0 

6     0 

3     0 

5/- to  5/6 

6     0 

3     0 

5/- to  6/- 

Remarks. 


ft.  in. 
Day's  Work,  3  0 

2  3 

3  0 
3   0 
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The  charter  prices  are  so  much  per  ton  raised,  and  the 
stallmen  pay  the  workmen  stint  prices.     Loading,  packing, 
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timbering,  and  tramming  into  gate  roada,  are  included  in  tlia 
charter  price.  As  a  rule  ripping  is  also  included.  If 
nothing  be  paid  to  the  stallmcn  on  that  account,  the  charter 
will  run  from  Id.  to  2d.  per  ton  higher,  as  an  allowance  for 
the  same.  However  paid  for,  it  ia  always  done  by  the  atall- 
nren,  and  prices  range  from  3s.  6d,  per  yard,  at  8  ft,  width 
and  3  ft.  6  in.  height,  tn  Te.  por  yard  running  of  the  same 
dimensions.  In  some  mines  onee  ripping  will  suffice  to  keep 
pony  height  between  the  cross  t^tes,  but  in  case  of  deep 
mines  further  ripping  is  generally  necessitated.  From 
numerous  averages,  recently  taken,  the  wages  of  stollmen 
seem  to  run  from  4s.  6d.  to  5s.  per  day. 

The  following  table  shows  the  "  Comparative  Facility  of 
Getting"  of  different  seams  as  indicated  by  the  darter^ 
gets,  &c.,  reduced  to  a  standard  of  Is.  per  ton. 


I 


niidmeM 
of 

8«M[1. 

Prioo 
per  Ton. 

Nnmbor 
of  Hen. 

Tom  got 
pTDny. 

Avo«ge 

SteadMd 
redoMdto 
le.  per  Ton. 

ft.    in. 

a.    d. 

Tone. 

Tone. 

2     10 

2     5 

7 

16 

2t 

6197 

2      8 

2    6 

6 

12 

2 

6- 

3      6 

1    8 

8 

30 

3 

5- 

3      4 

2    2 

6 

15 

2J 

6- 

3      0 

2    4 

20 

40 

2 

4-666 

3      6 

2    1 

16 

34 

2a 
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It  is  utterly  imposaible  to  give  a  scale  of  cost  that  would 
even  approximately  apply  to  the  generality  of  mines  in 
working.  It  may  be  safely  said  that  a  man  working  in  a 
face  of  coal,  is  capable  of  producing  (say)  as  a  rule  twice  as 
much  coal  as  a  man  working  in  a  straight  place,  and  in 
ftdditiou  to  this  bis  coal  will  be  in  more  saleable  condition. 
The  item  of  yardage  in  pillar  and  stall  work  is  very  con- 
siderable, and  against  this  has  to  be  set  the  cost  of  gate 
roads  in  the  long  wall  system.     Taking  the  case  of  a  seam 
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of  ooal  in  Lancashire  the  amount  of  ooal  gotten  in  the  whole 
is  as  1  to  3  in  the  broken.  The  number  of  tons  raised  per 
statute  acre  is  7283 — and  the  cost  per  acre  for  straight  work 
is  ^£485,  and  for  wide  or  broken  work,  £460,  making  the 
cost  of  hewing  about  2s.  5|d.,  which  is  not  materially 
different  to  the  prices  paid  to  the  stall  men  working  by  the 
long  wall  system.  The  seam,  of  which  this  cost  is  calculated 
resembles  in  great  measure  some  seams  worked  long  wall, 
and  though  the  cost  per  ton  is  about  the  same,  there  is  a. 
somewhat  greater  proportion  of  large  or  round  coal  produced 
per  acre  by  the  long  wall  workings.  This  advantage  is, 
however,  counterbalanced  by  the  difference  in  cost  between 
hand-picking  and  screening.  Many  "sorts"  of  coal  are 
made  at  most  of  the  midland  collieries.  Indeed  it  is 
questionable  if  fewer  would  not  be  more  economical,  for  in 
some  cases  though  there  may  be  a  distinction  between  some 
of  the  qualities — it  is  almost  a  ''distinction  without  a 
difference." 

As  an  example  of  departmental  cost  we  give  the  following 
analysis. 

The  colliery  is  capable  of  raising  1000  tons  per  day,  and 
is  at  present  raising  about  4000  tons  per  week.  The  thick- 
ness of  the  mines  in  working  is  not  less  than  3  feet  nor 
more  than  4  feet. 

The  gradient  may  be  averaged  as  1  in  10. 

The  tonnage  cost  is    2*4    per  ton. 

Overmanship  and  Supervision    0*430 
Daymen  and  Odd  Work    ....     1'75 
Haulage  and  Eng^emen  ....     2*5 
Banking  (6  sorts  of  coal)  ....     3*5 

Stores 20 

Horse  Keep 113 

Eents 60        „  3s.  9*31d. 

We  have  endeavoured  to  bring  under  your  notice  some 


lets  ana  lEeories  relating  lo  the  loog  wtill  syBi^nol  von 
ing,  and  ttough  we  have  not  brought  forward  anything  new 
or  startling,  we  trust  that  the  plain  description  we  have 
endeavoured  to  give  mny  be  of  interest  and  use  to  at  leoat 
some  of  the  members  of  this  souioty. 

The  discuasion  vm  poitponed  undl  the  three  Parts  niv  in  the 

handle  qf  the  members. 

A  UESCRIPTIOX  OF  MESSRS.  BOOTH  AXD 

SUGDEN'S  DETACinNG  HOOK. 

Bv     George     H.     Holli  so  worth,     F.Q.S. 


The  subject  of  Detaching  Hooks  is  at  the  present  timn 
occupying  much  attention  among  the  mining  c»ramunilj". 
partly  because  of  the  prominence  given  to  the  subject  by  a 
recent  dreadful  accident,  partly  because  of  the  interest  takeu 
in  the  subject  by  Mr.  Cross,  the  late  Home  Secretary,  and 
the  circular  sent  out  in  consequence  by  the  Inspector  of 
Mines  (and  which  would  aeem  to  he  a  foreshadowing  of 
legislation  to  come),  but  I  think,  mainly  becanae  of  the 
existence  of  a  general  feeling  amongst  colliery  managoTB 
that  some  such  safeguard  should  be  adopted,  so  that  I  do 
not  think  there  is  any  need  for  me  to  apologise  for  intro- 
ducing this  subject  to  your  notice. 

A  good  hook  would  be  reliable,  light  and  cheap,  aud 
would  require  little  attention  to  ke^  it  in  good  working 
order,  and  Messrs.  Booth  and  Sugden's  hook  would  appear 
to  possess  these  qualities. 

It  has  only  recently  been  brought  before  the  public,  and 
is  on  quite  a  different  principle  to  any  other  hook  yet  in 
nae,  and,  though  very  ingenious,  is  quite  simple.  There  are 
no  springs  or  any  cootrirance  liable  to  get  out  of  order. 

In  ordinary  winding  the  hook  forms  a  shackle  betwem 
the  rope  and  the  cage  chain,  and  it  cannot  be  pat  into 
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operation  or  disengaged  by  anytliing  falling  down  the  shaft 
or  other  oonceivable  accidental  occurrence. 

It  is  made  of  cast  steel  so  as  to  combine  great  strength 
with  lightness  and  durability. 

During  the  act  of  detachment  3  copper  pins  which  serve 
to  keep  the  studs  in  position  must  be  sheared ;  but  the  pins 
are  placed  one  in  advance  of  the  other,  and  the  shearing 
action  upon  each  pin  is  extended  over  a  vertical  height  of 
six  times  the  diameter  of  the  pin  (the  action  being  similar 
to  that  of  a  cropping  machine)  so  that  the  shearing  is  not 
perceptible,  there  being  practically  no  strain. 

Another  important  feature  in  this  hook  is,  that  it  makes 
it  impossible  for  what  is  termed  a  "  partial  overwind"  to 
take  place.  The  term  "  partial  overwind"  being  used  to 
signify  that  in  a  case  of  "  pulleying"  the  cage  has  been 
stopped  and  the  eugine  reversed  when  detachment  or  partial 
detachment  has  taken  place,  while  the  suspension  apparatus 
has  not  gone  far  enough  to  get  a  secure  hold  of  the  suspen- 
sion beam ;  the  consequence  being  the  release  and  fall  of 
the  cage.  With  this  hook,  if  the  engine  is  stopped  and 
reversed  before  the  box  gets  properly  into  position  for 
detachment,  the  studs  are  forced  to  return  to  their  former 
working  position  as  the  box  is  lowered  through  the  suspen- 
sion beam,  by  an  attachment  action  the  converse  of  the 
detachment. 

When  the  cage  has  been  detached  by  an  overwind,  the 
connection  of  the  rope  to  the  cage,  and  resumption  of  wind- 
ing need  not  take  more  than  five  minutes. 

Being  of  such  recent  introduction  only  a  few  of  these 
hooks  have  yet  been  made,  but  one  has  been  in  daily  work- 
ing at  Oaks  Colliery  for  more  than  three  months,  which  on 
being  tried  by  a  purposed  overwind  succeeded  perfectly. 

The  weight  of  a  hook,  the  idtimate  strength  of  which  is 
60  tons  and  working  load  5  tons,  weighs  38  lbs. 
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Tbe  Dock  is  not  aiiapted  for  pits  working  without  guides, 
and  with  round  ropes,  such  as  pits  being  sunk  with  round 
ropes,  as  it  is  necessary  that  the  box  should  enter  square 
into  the  suspension  orifice,  and  this  cannot  be  secured  under 
those  conditions. 

I  will  conclude  this  short  paper  by  reading  the  inventor's 
description,  but  the  principle  will  be  best  seen  by  an  exami- 
nation of  the  drawings  and  models  which  are  before  you. 

I  may  also  remark  that  I  have  purposely  avoided  making 
comparison  with  any  other  hook,  my  object  boing  simply  t« 
introduce  this  one  to  your  notice. 


Description  of  Detaching  Hook,  patented  by  Isaiah  Booth 
and  Thomas  Sugden  on  the  20th  day  of  November,  1879. 

The  apparatus  is  constructed  ae  follows  : — 

A  box  is  secured  by  the  usual  D  links  to  the  capping  at 
the  bottom  of  the  winding  rope,  and  to  the  cage  chain,  in 
this  box  the  book  or  bar  to  be  released  in  secured,  the  box 
being  shaped  out  to  receive  the  same.  In  the  hook  there  is 
a  hole  shaped  out,  into  which  a  stud  is  inserted,  this  stud 
carries  the  load  and  has  a  bearing  upon  each  side  of  the  box, 
which  is  prepared  to  receive  it.  Below  the  hole,  a  wing  or 
wedge-shaped  projection  is  fixed  upon  or  rather  shaped  upon 
each  side  of  the  book,  the  wings  being  thickest  at  the  lower 
end  and  tapering  upwards.  Immediately  opposite  the 
"  bearing  stud "  and  in  the  same  line  with  it,  is  fixed 
another  stud,  which  is  the  "  forcing  stud."  Both  studs  are 
kept  in  position  by  soft  metal  (copper)  pins  screwed  into 
the  box,  and  both  are  chamfered  ofT  on  the  lower  edge  bo  as 
to  form  an  inverted  V  when  together. 

The  end  of  the  "  forcing  stud  "  projects  outside  the  box, 
while  the  whole  of  the  "  bearing  stud  "  is  concealed  within 
the  box. 
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Near  the  pulley  is  fixed  a  beam  or  beams  to  which  an 
iron  casting  through  which  the  rope  passes  is  secured,  the 
casting  is  constructed  to  receive  the  box,  and  to  detach  the 
rope  when  the  box  is  drawn  through  the  aperture,  which  is 
constructed  on  one  side  with  a  tapered  slot,  having  its 
deepest  part  at  the  lower  edge,  and  on  the  other  side  with  a 
corresponding  projection.  This  is  so  arranged  that  the  box 
in  passing  through  the  aperture  causes  the  projecting  part 
of  the  "  forcing  stud  "  to  come  into  contact  with  the  bottom 
of  the  slot,  the  "  forcing  stud  "  being  then  pushed  inwards 
into  contact  with  the  "  bearing  stud  "  which  is  thus  forced 
outwards,  and  when  the  box  has  been  drawn  through  the 
aperture  sufficiently  far,  that  the  two  studs  are  clear  of  the 
top,  the  two  studs  now  form  together  an  inverted  V  exactly 
opposite  to  the  hook :  the  hook  being  slightly  narrower  than 
the  V  readily  enters.  The  ends  of  the  studs  are  now  just 
clear  above  the  aperture,  the  box  is  held  at  this  point  by 
projections  which  prevent  it  from  going  through  the  aper- 
ture,  so  that  the  hook  is  drawn  through  the  V,  forcing  the 
studs  outwards  to  a  distance  sufficient  to  project  so  far  over 
the  sides  of  the  aperture  as  to  hold  the  cage  securely  in 
position. 

After  detachment  has  taken  place,  the  rope  can  readily  be 
connected  by  placing  the  hook  in  the  box,  so  that  it  will 
again  descend  through  the  aperture,  by  means  of  screws 
placed  at  the  top  of  the  aperture  for  that  purpose.  The 
lowering  of  the  box  through  the  aperture  forces  back  the 
studs  to  their  original  positions,  and  winding  can  then  pro- 
ceed as  usual.  If  the  rope  comes  to  a  position  of  rest  when 
the  box  is  in  the  aperture,  and  the  box  afterwards  be  made  to 
descend,  in  descending,  the  projection  in  the  aperture  force? 
back  the  studs  to  their  working  position,  so  that  it  quits 
the  aperture  in  exactly  the  same  condition  as  it  enters,  thus 
obviating  accidents  from  what  is  known  as  "  partial  over- 
winding." 


The  patentees  claim  the  foUowiag  advantages  for  tliii  1 
invention : — 

1.   The  load  has  do  part  in  the  action  of  disengagemeat.   ' 
It  is  not  continually  striving  to  release  itself  from  the  rope. 

!.  There  ia  no  risk  of  disengagement  by  anything  falling 
down  the  shaft. 

t.  No  tendency  U)  release  the  load,  by  drawing  the  box 
back  through  the  aperture  after  it  has  been  suspended, 

4.  Release  by  "  partial  overwinding  "  is  entirely  obTialed. 

5.  Disengagement  takes  place  without  any  appreciable 
strain  upon  the  rope,  the  shearing  of  the  copper  pins 
requiring  very  slight  force. 

1.  A  few  minutes  only  are  required  to  connect  and  get 
into  working  order,  after  the  occurence  of  an  "  overwind." 

7.  Lightnesa  combined  with  strength. 

8.  It  can  be  taken  to  pieces  and  examined,  and  be  again 
put  to  work  in  a  few  minutes. 


Mr.  WooDVirARD  said  the  hook  described  by  Mr.  Holling- 
worth  appeared  to  him  to  be  a  very  clever  mechanical 
contrivance.  There  was  only  one  point  which  he  considered 
weak — that  was  the  swivel — otherwise,  if  kept  in  order, 
as  all  mechanical  coQtrivancea  ought  to  be,  it  ought,  so  far 
as  he  could  judge  from  the  paper  which  had  been  read  and 
the  model  and  drawings  exhibited,  to  act  satisfactorily. 

A  Mbhhbr  said  it  appeared  to  him  the  only  strong  ob- 
jection  to  the  hook  was  that  it  had  always  to  be  maintained 
in  one  position  :  it  must  be  kept  by  the  guiding  rods 
exactly  square  with  the  aperture  through  which  it  had  to 
pass.  Again,  it  seemed  to  him  the  studs  would  be  liable  to 
rust  tight  and  possibly  break  off,  instead  of  coming  into 
action  at  the  moment  they  were  required.  Of  course  if  veil 
looked  after,  and  the  whole  kept  in  good  working  condition, 
that  danger  would  be  obviated. 
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Mr.  Martin  said  that  several  hooks  of  this  class  have 
been  invented  and  patented  in  recent  years;  among  them 
he  might  mention  Ormerod's,  King's,  Fisher's,  Leonard's, 
and  others.  Some  of  them  have  a  great  similarity  in 
principle,  but  this  of  Messrs.  Booth  and  Sugden  appears  to 
be  different.  All  more  or  less  depend  upon  the  pin,  and  like 
everything  else  require  attention.  Of  course  if  expected  to 
go  on  working  for  ever  without  being  examined  and  kept 
in  order,  they  would  very  soon  be  a  source  of  danger  instead 
of  safety,  but,  with  ordinary  care,  there  seemed  no  reason 
why  the  pin  should  be  the  cause  of  an  accident,  except  in 
the  case  of  a  partial  overwind,  under  which  circumstances 
should  be  examined  and  put  in  order  at  once.  He  was 
informed  at  collieries  where  detaching  hooks  had  been  in 
use  for  years  that  several  cases  of  over-winding  had 
occurred,  and  as  a  rule  the  hooks  had  acted  correctly,  and 
saved  not  only  a  good  deal  of  time  and  property,  but  also, 
human  lives.  No  instance  had  ever  come  under  his  notice  of 
a  detaching  hook  being  the  immediate  cause  of  an  accident, 
although  some  may  have  failed  to  suspend  the  load  when 
brought  into  action.  There  were  at  the  beginning  of  this 
year  a  large  number  of  these  hooks  in  use  in  this  district 
as  will  be  seen  by  reference  to  Mr.  Dickinson's  annual, 
report,  which  will  soon  be  published. 

With  reference  to  the  swivel  he  said  that  thev  were 
commonly  in  use  at  many  collieries,  and  were  con- 
sidered a  safeguard  rather  than  a  danger  when  made  in 
proportion  to  their  work.  Only  a  few  days  since  he  was 
told  at  a  colliery  of  an  accident  having  occurred  in 
consequence  of  the  swivel  not  being  in  use,  a  large  water 
barrel  in  coming  up  the  shaft  revolved  so  much  that  it  broke 
the  rope  a  short  distance  above  the  socket. 

Mr.  HoLLiNGWORTH  Said  that  the  swivel  was  not  an 
essential  part  of  the  hook  at  all.     The  pins  could  be  replaced 
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I  short  tiine,  by  simply  scrowinjf  tht-m  out  with  a  scrow- 
driTcr,  and  he  did  itot  thiuk  thut  the  cipparatm  was  at  all 
likely  to  get  out  of  order.  Tho  whole  working  part  was 
covered  up,  and  was  supposed  to  be  a  neat  tit,  imd  pretty 
well  greased  wheu  put  in ;  and  it  was  also  expected  that  at 
intervals  of  four  or  six  weeks  the  whole  would  be  unscrewed, 
the  copper  piiia  and  NtudH  forced  out,  and,  when  theee  had 
been  greased,  put.  together  again.  This  was  all  that  was 
required, 

Mr.  AiTKEX  asked  how  long  it  bad  been  in  use. 

Mr.  HoLi.iNGivom  H  said  that  the  hook  was  only  patented 
in  November  last,  and  it  had  been  in  use  at  a  colliery  near 
Oldham,  for  the  past  three  montha. 


GKOLOGICAL    STRATA,     AND    MODE    OF    PRO- 
CEDURE IN  DRIYINa  A  TUNNEL  AT 
8ADDLEW0RTH. 
By   William   "Watts,    F.G.S. 
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Early  Tunnels. 

We  have  no  precise  data  as  to  when  subterranean  tunnels 
were  first  made.  It  is  more  than  probable  that  they  were 
first  employed  to  convey  water  for  irrigation,  and  subse- 
quently for  the  purpose  of  navigation. 

Very  few  tunnels  were  driven  in  England  before  the  time 
of  Brindley. 

The  invention  and  perfection  of  the  steam  engine,  espe- 
cially for  locomotive  purposes,  gave  a  great  impetus  to  the 
construction  of  tunnels  for  railways  to  facilitate  and  cheapen 
the  cost  of  transit  of  merchandise  from  one  town  to  another. 

Although  the  earb'est  tunnels  were  made  to  convey  water 
long  distances,  few  such  structures  have  been  made  for  that 
purpose  in  the  19th  century,  except  in  connection  with 
waterworks  on  a  small  scale. 
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PiETHOKNE  Tunnel. 

Piethome  tunnel  was  designed  by  Messrs.  Bateman,  Hill, 
and  Bateman,  to  convey  Denshaw  water  into  Piethome 
valley,  and  thus  connect  the  existing  or  old  system  of 
reservoirs  with  the  Denshaw  works  which  are  now  in  pro- 
gress Tinder  the  direction  of  Mr.  Foster  Bateman,  the 
resident  engineer. 

The  driving  of  the  headings  at  the  open  ends  commenced 
on  the  18th  of  March,  1878,  and  the  last  length  of  arching 
was  turned  on  the  24th  December,  1879,  the  sinking  of  the 
two  shafts  proceeded  simidtaneously. 

The  shafts  are  circular  in  plan,  and  are  8  feet  internal 
diameter,  cased  with  one  9-inch  ring  of  bricks,  set  in 
hydraulic  lime.  The  shaft  nearest  Denshaw  is  150  feet 
deep,  including  18  feet  of  a  "  sump,"  and  the  shaft  nearest 
Piethome  is  154  feet  deep,  including  21  feet  of  a  "  sump." 

The  object  in  sinking  the  sumps  so  deep  was  to  prevent 
the  winding  of  water  from  interfering  with  the  winding  of 
excavated  material.  It  was  afterwards  found  that  this  was 
a  wise  provision,  as  a  great  deal  of  water  had  to  be  conten- 
ded with  during  the  execution  of  the  work. 

The  sinking  of  each  shaft  proceeded  uninterruptedly  to 
the  bottom  before  the  brick  casing  commenced,  very  little 
timber  being  used  except  near  the  surface.  The  manner  of 
timbering  is  shewn  by  the  model  on  the  table.  It  succeeded 
admirably,  and  did  not  interfere  with  winding,  as  no  cross 
timbers  were  required.  This  timbering  remained  untU  the 
completion  of  the  timnel  without  shewing  the  slightest  sign 
of  giving  way. 

If  the  material  forming  the  sides  of  shafts  be  tolerably 
compact  there  is  little  danger  in  sinking  150  feet  deep 
vertically  before  commencing  the  brickwork,  but  a  practical 
and  a  careful  person  shoidd  have  constant  supervision  over 
the  work,  and  if  he  be  a  geologist  all  the  better. 

It  is  an  advantage  to  employer  and  employed  to  proceed 


in  shaft  einking  as  here  indicated  when  the  nature  of  the   . 
geological  fonnation  will  allow.     The  miners  ean  go  on  and 
finish  sinking  before  the  bricksetUirs  commence,  and  the 
I  latter  can  begin  their  work  at  the  bottom  of  the  shaft  and  i 
proceed  uninterruptedly  to  the  surface,  and  the  work  will  b*  1 
better  done. 

To  prevent  the  water  tapped  in  sinking  from  finding  ita 
way  to  the  brickwork,  and  washing  the  lime  from  the  b 
Bud  joints,  before  it  hud  time  to  set,  rubble  stone  backing 
was  put  in  behind  the  brick  ring,  in  Ihe  form  of  a  vertical 
drain,  and  carried  up  from  the  base  of  the  shaft  as  high  as 
necessary  to  tap  the  water.  This  plan  kept  the  brickwork 
dry,  and  did  not  interfere  with  the  setting  properties  of  the 
lime,  and  freed  the  shaft  of  water  during  subsequent  opera- 
tions. Aflcr  the  completion  of  the  brickwork  the  sumps 
were  boarded  with  3-inch  planks  from  the  bottom  to  prevent 
the  wat«r  barrels  getting  fast  against  the  framework  of  the 
sump  staging  and  doors. 

The  water  barrels  were  constructed  after  the  pattern  of  a 
small  model  on  the  table,  and  contained  126  gallons.  A 
square  flap  valve  is  fixed  on  the  bottom,  to  which  is  attached 
a  light  chain,  to  facilitate  its  being  op^ied  on  arriving  at 
the  surface  of  the  shaft  when  winding  water,  and  also  to 
enable  the  barrel  to  fill  itself  when  it  descends  into  the  sump 
without  leaving  its  vertical  position. 

The  bottom  of  the  barrel  was  also  weighted  with  lead  to 
assist  it  to  fill  and  keep  upright,  as  there  is  danger  of 
entanglement  of  the  rope  should  it  turn  over  and  fill  itself 
bottom  upwards. 

The  time  and  frequency  of  emptying  the  sump  is  deter- 
mined by  the  quantity  of  water  flowing  into  it,  and  this 
depends  on  the  state  of  the  weather. 

In  about  two  days  after  a  heavy  rainfall  an  increase  of 
water  usually  made  its  way  into  the  workings,  bat  witli 
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regard  to  subterranean  percolation  no  precise  data  can  be 
given  as  the  amount  of  water  which  reaches  the  workings, 
and  the  time  that  it  will  require  to  do  so,  will  depend  upon 
the  nature  of  the  surface  soil  and  substrata. 

Before  the  brick  lining  of  the  shafts  commenced  the 
headings  were  driven  10  yards  each  way,  to  be  free  of  the 
shaft ;  temporary  wooden  lintels  being  inserted  to  support 
the  brick  ring  over  the  headings  for  the  time  being. 

The*  sinking  of  the  two  shafts  and  the  driving  of  the 
tunnel  were  carried  on  by  contract,  by  separate  gangs  of 
men,  the  Corporation  finding  implements  and  material. 
Each  workman  received  a  proportionate  share  of  the 
earnings  of  his  gang,  share,  and  share  alike.  The  men 
formed  their  own  gang,  and  selected  their  leader  to  receive 
the  united  earnings  and  sip^n  cheques ;  the  only  stipulation 
made,  was  for  the  privilege  of  discharging  any  of  the 
men  who  did  not  satisfactorily  perform  their  duties.  The 
men  were  at  liberty  to  close  their  contract  any  day,  but  it 
was  insisted  on  that  each  shift  should  be  worked  by  the 
proper  number  of  men ;  the  plan  worked  admirably. 

Where  a  Corporate  body  undertakes  to  provide  imple- 
ments, materials,  and  engineering  skill  it  is  decidedly  the 
best  plan  to  let  the  work  on  the  principle  here  indicated. 
A  more  intelligent  class  of  workmen  treats  for  employment, 
and  each  man  gets  the  full  benefit  of  his  labour.  We  feel 
sure  that  the  principle  might  be  more  extensively  resorted  to 
by  Corporate  bodies.  Where  a  contractor  invests  capital  in 
an  undertaking  the  circimistances  are  changed,  and  it  cannot 
be  expected  that  he  will  consent  to  an  equal  distribution  of 
earnings,  not  even  when  he  works  along  with  his  men. 

With  regard  to  excavating  in  the  tunnel  the  same  plan 
was  adopted  as  in  sinking  the  shaft,  viz. :  the  whole  length 
of  the  timnel  (1,412  yards)  was  driven  through  before  the 
brick  lining  was  permitted  to  begin. 


This  plau  of  procudure  involvea  u  greater  outlay  of  timber 
whuro  the  nature  of  the  ground  requires  timbering;  but  on 
the  other  hand,  it  secures  better  work,  more  correct  lines 
.  and  levels,  and  in  the  end,  I  think,  is  cheaper,  in  addition  to 
a  )iuviug  iu  time  in  doing  the  work.  Of  course  theae 
remarks  apply  to  amall  tunnels  only,  such  as  are  geuersdly 
required  for  hydraulic  purposes. 

Large  railway  tunnels  involve  a  greater  outlay  of  timber, 
and  it  is  necessary  that  it  should  be  used  over  and  ovei'  again 
to  cheapen  the  primary  coat. 

To  avoid  pumping  water  the  headings  at  the  three  falling 
ends  wei-e  diiven  on  the  level,  the  bottom  being /ootriiMfi to 
the  proper  gradient  as  the  brickwork  proceeded. 

The  rooi  of  the  headings  in  each  case  was  worked  to  the 
true  gi-adient,  so  that  in  a  distance  of  100  yards,  with  a  fall 
of  lU  feet  to  the  mile,  the  vertical  Sfctiou  of  the  heading  is 
7  inches  less,  and  ao  on  for  every  100  yards  driven. 

Where  shafts  are  not  far  asunder,  as  in  the  Piethome 
tunnel,  the  loss  of  1^  inch  per  chain  in  driving  is  more  than 
compensated  for  in  the  saving  of  pimiping,  in  other  words, 
footridding  costs  less  than  pumping. 

With  slight  gradients  and  moderately  soft  material  this 
method  is  an  excellent  one,  but  if  the  material  be  of  a  hard 
rocky  nature  it  adds  to  the  cost  to  go  over  the  grounJ  a 
second  timo,  and  the  plan  should  not  be  adopted  unless 
large  volumes  of  water  ore  likely  to  be  met  with. 

The  headings  on  the  rise  were  driven  to  the  proper 
gradient,  and  consequently  no  footridding  was  required, 
beyond  clearing  away  all  projecting  ledges  to  make  ready 
for  the  brick  pavement. 

The  headings  were  driven  square,  except  that  the  upper 
angles  were  left  full  to  conform  with  the  arcbing  of  the 
brickwork,  and  proceeded  at  the  rate  of  4?  yards  per  week, 
working  night  and  day  with  64  men. 
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The  temperature  of  the  headings  remained  pretty  constant, 
ranging  between  54°  and  55°  of  heat,  at  a  distance  of  200 
yards  away  from  the  bottom  of  the  shafts  or  open  ends. 
At  the  bottom  of  the  shafts  the  temperature  generally  stood 
at  52°,  except  directly  after  the  winding  of  water  when  the 
thermometer  fell  to  50°,  the  spray  from  the  falling  water 
out  of  the  barrel  thus  cooling  the  atmosphere  of  the  shaft  2°. 

The  temperature  of  the  hard  shaley  material  forming  the 
sides  of  the  headings  registered  52^  at  a  depth  of  two  feet, 
after  allowing  the  thermometer  to  remain  in  the  hole  48 
hours,  sealed  air  tight  with  a  clay  cork.  The  hole  was 
drilled  10  yards  away  from  the  face  where  the  men  were 
working,  the  temperature  registering  55^,  and  at  the  surface 
of  the  shaft  52°,  July  4th,  1879.  Two  men  were  at  work, 
and  three  candles  burning  at  the  time  these  observations 
were  recorded.  The  hole  in  which  the  thermometer  was 
placed  was  perfectly  dry,  and  was  about  200  feet  below  the 
surface  of  the  ground. 

Ventilation. 

Three  modes  of  ventilation  were  introduced.  Where  the 
atmospheric  air  had  to  be  sent  down  the  shafts  and  distri- 
buted in  horizontal  pipes  fixed  at  right  angles  to  the  vertical 
pipe  placed  in  the  shafts,  fans  3  feet  in  diameter  were 
employed  and  worked  outside  the  engine  house  by  a  donkey 
engine.  At  one  of  the  open  ends  an  18-inch  hand  fan  was 
worked.  At  the  other  open  end  a  furnace  and  brattice  wall, 
4^  inches  thick,  were  introduced.  I  purpose  speaking  on 
each  of  these  three  methods  of  ventilation. 

A  fan  worked  by  manual  labour  is  an  extremely  unsatis- 
factory way  of  ventilating  tunnel  headings  for  more  than  a 
short  distance  from  the  entrance  owing  to  the  slow  speed  at 
which  the  fan  revolves  and  the  difficulty  of  keeping  up  a 
uniform  speed.  The  volume  of  air  sent  up  the  workings 
is  sufficient  for  breathing  purposes  for  the  men  but  not 


sufficient  to  dissipate  the  powder  smoke  after  blasting,  and 
the  men  had  always  to  wait  some  time  after  firing,  except 
under  very  favourable  atmospheric  conditions,  before  they 
oould  return,  to  their  labour. 

The  air  pipes  cannot  be  carried  nearer  than  15  or  20 
yards  from  the  face  where  the  men  are  at  work  owing  to 
the  danger  of  breaking  them  by  the  shattered  fragments  of 
rock  each  time  of  blasting.  The  face,  however,  may  be 
cleared  of  smoke  in  about  20  minutes,  but  it  rarely  happens 
that  the  entire  length  of  the  heading  can  be  cleared  between 
the  times  of  firing  so  that  the  waggoner  has  to  breathe  fool 
air  while  travelling  in  aud  out  of  the  workings  fully  three- 
fifths  of  his  time,  in  a  run  of  250  to  300  yards.  Although  j 
objectionable,  I  do  not  learn  that  powder  smoke  is  par-  I 
ticTilarly  unhealthy,  but  the  men  working  in  it  look  pale 
and  oppressed.  When  the  workings  cannot  be  cleared  of 
powder  smoke  it  is  extremely  difficult  to  work  the  under- 
ground lines  for  centres,  except  on  Bundays  after  the  m^ 
have  ceased  work  for  about  12  hours.  The  state  of  the 
atmosphere  sometimes  rendered  the  ventilation  of  the  head- 
ings very  difficult  even  aft«r  the  junotdona  were  effected. 
For  hours  the  powder  smoke  lingered  in  the  workings  like  a 
dense  cloud,  sometimes  rising  to  the  ceiling  and  at  other 
timcB  descending  to  the  floor  and  oscillating  between  shaft 
and  shaft,  the  balance  of  the  atmosphere  being  so  even  that 
the  fumes  could  not  escape  to  the  surface  until  some  dis- 
turbing element  intervened.  It  is  extremely  disagreeable 
for  the  workmen  on  such  occasions  and  makes  them  languid 
and  impairs  their  appetite  for  food. 

I  designed  a  very  simple  apparatus  which  acted  admirably 
as  a  ventilator  in  moderately  strong  wind,  and  dispensed 
with  the  fan  for  the  time  being;  in  fact  it  sent  up  the 
workings  a  greater  volume  of  air  than  the  fan  was  capable 
of  doing,  and  needed   no  attention   beyond  opening  and 
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olofiing  a  valve  at  the  bottom.  The  Bmall  model  will  illus- 
trate this  apparatus. 

With  regard  to  the  fans  worked  by  steam,  thej  acted 
admirably  in  freeing  the  face  of  smoke  after  blasting,  but 
the  current  of  air  was  insufficient  to  free  the  heading  between 
the  face  and  the  shafts,  and  frequently  for  hours  together  it 
was  impossible  to  see  in  advance  more  than  four  or  five 
yards,  and  on  some  days,  when  the  atmosphere  at  the  surface 
was  heavy,  the  ventilation  seemed  to  depend  as  much  on  the 
waggons  passing  in  and  out  of  the  tunnel  as  on  the  fans,  and 
it  was  no  unfrequent  circumstance  for  a  waggon  to  arrive  at 
the  surface  of  the  shaft  reeking  with  powder  fumes. 

These  facts  appear  to  mo  to  prove  that  for  a  system  of 
ventilation  to  be  effective  in  a  tunnel,  say  beyond  200  yards 
away  from  the  shaft,  the  air  pipes  must  be  made  to  give  out 
jets  of  air  at  intervals  of  about  six  yards  apart. 

The  present  system  of  sending  all  the  air  t6  the  face 
seems  faulty.  When  the  current  is  too  strong  it  blows  the 
lights  out  and  starves  the  men,  .consequently  the  fans  have 
to  be  slackened  in  speed,  and  thus  ventilation  suffers. 

So  far  as  I  was  able  to  judge  of  the  ventilation  in  Piethome 
tunnel  I  think  the  furnace  succeeded  best;  but  whether  it 
would  succeed  as  well  on  a  larger  scale  I  have  had  no  means 
of  ascertaining. 

If  the  furnace  has  a  good  draft,  and  be  kept  steadily 
burning,  it  appears  to  purify  the  atmosphere  in  the  workings 
more  satisfactorily  than  fans,  and  a  more  steady  system  of 
ventilation  is  kept  up. 

The  fumes  after  blasting  are  not  driven  away  from  the 
working  face  quite  as  soon  as  with  a  fan,  but  the  air  seems 
to  travel  more  regularly,  and  frees  the  workings  of  foid 
gases  from  end  to  end  more  effectually. 

Some  collieries  ventilate  by  means  of  a  fan  formed  to  suck 
or  draw  out  the  foul  air  from  the  mines. 


Air  extracted  ia  ttis  way  would  immediately  be  replaced 
by  a  current  of  atmospheric  air  rusliing  up  the  tunnel 
from  the  shaft,  aa  a  vacuum  under  such  conditions  oonld 
not  exist. 

This  mode  of  ventillation  seems  well  suited  for  tunnel 
purposes,  inasmuch  as  the  foul  air  ia  removed  at  once  without 
being  allowed  to  travel  along  the  tramways  to  escape  up  the 
flhafi  or  out  at  the  open  end.  But  I  hiive  had  no  experience 
in  ventilation  of  this  kind,  and  therefore  cannot  speak  of  itj 
practical  uses  in  tunnelling.  The  principle  is  a  good  one, 
and  if  I  am  ever  again  called  upon  to  drive  a  tunnel  I 
ahould  recommend  the  adoption  of  such  a  plan. 

The  bricks  used  in  building  the  brattice  wall  and  furnace 
can  bo  afterwards  used  in  the  tunnel  arching,  so  that  the 
expense  incurred  is  in  building  the  walls,  and  the  consump- 
tion of  coal,  which  will  not  amount  to  more  than  a  ton  or 
ton-and'holf  in  a  week,  and  the  waggoner  can  attend  to  the 
furnace  as  he  paaaos  in  and  out. 

The  brattice  wall  takes  up  a  little  room,  but  it  can  be 
reduced  to  a  small  rectangular  drain  the  last  100  yards  or 
more,  which  materially  simplifies  the  process. 

I  see  no  reason  why  all  tunnel  entrances  should  not  be 
ventilated  by  furnaces  as  described. 

The  system  is  not  so  easy  of  introduction  at  the  shafts, 
but  motive  power  is  generally  at  band  at  such  places  to 
work  fans. 

Banoino  the  Centre  Lines. 

To  transfer  the  centre  line  from  the  surface  of  the  ground 
to  the  bottom  of  the  shaft  correctly  requires  great  care,  and 
to  keep  the  centre  line  when  so  transferred  is  even  mora 
tedious. 

The  plan  of  producing  the  centre  at  the  bottom  of  Pie- 
thome  Tunnel  was  that  recommended  by  Simma  is  his  book 
on  "  Practical  Tunnelling,"  and  is  remarkably  correct,  when 
his  instntctions  are  carefully  carried  out. 
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The  plan  consists  in  stretching  a  thin  cord  as  far  as 
possible  along  the  centre  line  of  the  tunnel,  the  extreme 
ends  of  which  are  determined  by  the  two  vertical  lines 
dropped  down  the  shaft,  and  thus  proceeding  from  shaft  to 
shaft,  and  entrance  to  entrance,  care  being  taken  always  to 
haye  the  horizontal  line  on  the  same  side  of  the  plumb  lines. 

Two  plumb  lines  will  be  sufficient  to  fix  a  third  and  fourth 
point  in  the  centre  line,  and  so  on  to  the  end. 

In  this  way  the  Piethome  Tunnel  was  worked,  and 
although  1412  yards  in  length  and  4ft.  in  width,  it  can  be 
distinctly  seen  through.  This  operation  may  be  best 
illustrated  by  the  model. 

Brick  Setting. 

When  all  the  headings  were  cut  through,  six  sets  of  brick- 
setters  were  employed.  Two  gangs  started  in  the  middle  of 
each  of  the  three  sections  of  the  tunnel,  formed  by  the  two 
shafts  and  open  ends,  and  worked  away  from  each  other. 
Two  bricksetters  and  two  labourers  were  required  to  finish 
two  yards  of  arching  each  shift  of  nine  hours. 

The  section  of  the  tunnel  is  4ft.  Gin.  by  4ft.,  as  per  model, 
and  contains  487  bricks  in  a  lineal  yard. 

The  inlet  of  the  tunnel  is  895ft.  3in.  above  the  sea,  and 
the  outlet  is  887ft.  3in.,  giving  a  fall  of  8ft.,  or  IJin.  per 
chain  of  22  yards. 

The  iron  centres  used  for  arching  are  shown  on  the 
drawing.  They  acted  admirably,  and  are  portable,  and 
easily  set  up  and  pulled  down.  Each  gang  of  bricksetters 
had  a  duplicate  set,  so  that  the  last  centre-frame  always 
remained  fixed  imtil  a  second  length  of  arching  was  turned. 

Geology  of  the  Tunnel. 

The  nature  of  the  geological  strata  cut  through  calls  for 
no  particidar  remark. 

The  measures  belong  to  the  lower  carboniferous  series,  and 


mainly  consist  of  shales  at  the  two  open  ends,  with  grey 
fiesile  rook  in  the  middle. 

The  shales,  more  particularly  than  the  hard  rock,  on 
characterised  by  numerous  partings  which  cross  the  heading 
Rt  right  angles  in  some  inatsDoes,  and  obliquely  in  others. 
None  of  these  were  vertical,  but  all  slanting  slightly  from 
the  horizon. 

Sometimes  it  happened,  where  the  partings  occurred, 
small  streams  of  water  found  vent  into  the  tunnel,  and  the 
partings  were  generally  tilled  with  soft  earthy  material. 

The  shales  were  remarkably  free  of  fossils,  but  occasionally 
scales  of  fish  were  found  along  with  fossil  ferns,  Septana 
nodules,  and  ironstone  nodules,  charged  with  iron  pyrites, 
and  crystals  of  carbonate  of  lime  in  the  centre. 

On  exposure  to  the  atmospherb  the  shales  soon  perish, 
being  extremely  friable  and  carbonaceous.  The  water  given 
out  in  the  workings  contains  a  small  percentage  o£  an 
hydrate  of  iron,  which  precipitates  red  fibrous  threads  on 
flowing  over  a  shallow  surface. 

The  rock  is  hard  and  silicious,  and  massive  in  places,  and 
remarkable  for  the  amount  of  iron  pyrites  the  finely  divided 
joints  contain,  none  of  which,' however,  was  fooad  in  the 
beds. 

Occasionally  traces  of  eedgy  matter  were  found  imprinted 
in  the  rock ;  but  I  never  saw  a  well  defined  fossil  plant  in 
all  my  searchings. 

The  inclination  of  the  beds,  where  continuous,  is  very 
slight,  inclining  at  the  most  not  more  than  1  in  6.  The 
whole  series  from  end  to  end  are  very  much  broken  up  and 
disturbed,  especially  the  length  between  Marsh  Bottom  and 
the  first  shaft,  some  of  the  strata  of  which  are  tilted  over 
and  contorted. 

Three  thin  seams  of  coal  were  met  with,  as  indicated  cm 
the  geological  section ;    in  fact  ooal  was  pieroed  ia  five 
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places,  including  the  sinking  of  the  shafts,  but  it  is  probable 
that  only  two  seams  exist,  both  of  which  are  of  an  inferior 
quality  and  bum  with  a  dull  red,  and  are  very  sulphurous. 

The  seam  of  coal  nearest  Marsh  Bottom  did  not  appear  to 
have  the  usually  well  defined  floor  clay,  but  it  is  probable 
that  if  it  exists  it  is  rotten  owing  to  its  proximity  to  the 
surface  and  being  acted  on  by  surface  percolation. 

The  next  seam  is  about  120  yards  from  the  first  shaft,  in 
the  direction  of  Marsh  Bottom  entrance.  The  floor  clay  was 
present  in  this  instance,  but  it  was  very  soft  and  shaken,  the 
overlaying  coal  being  of  a  lustrous  character  and  much 
fractured,  and  appeared  as  if  its  component  parts  had  been 
terribly  broken  up  since  deposition  and  hardening. 

The  coal  represented  in  each  of  the  geological  sections  of 
the  shafts  belongs,  I  believe,  to  the  same  seam,  and  is  some- 
what thicker  than  the  other  seam  or  seams  met  with  beneath. 

The  imderclay  is  of  a  soft  sandy  character,  light  brown  in 
colour,  and  contains  a  few  stigmaria  flcoides,  ill  preserved. 

The  remaining  seam  to  be  described  exists  about  300  yards 
from  Hanging  Lees  entrance,  and  dips  towards  Piethome 
Valley  at  an  inclination  of  about  one  in  six,  as  before 
stated. 

It  measures  about  ten  inches  in  thickness,  and  is  of  an 
inferior  quality,  and  is  supported  by  a  hard  fire  clay  floor. 

None  of  the  coal  seams  met  with  in  the  tunnel  excavations 
possess  any  industrial  value,  so  that  there  is  no  fear  of 
them  being  worked  in  the  future  owing  to  the  very  inferior 
quality  of  the  coal  and  thinness  of  the  seams. 

I  must  confess  my  inability  to  correlate  those  coal  seams 
satisfactorily  to  myself.  Professor  Hull  refers  to  them  in 
his  "  Memoirs  of  the  Geological  Survey  of  the  country 
around  Oldham,"  and  from  his  descriptions  I  infer  that  they 
belong  to  his  "  First  Coal  Series."  But  the  roof  of  each 
seam,  although  black  and  carbonaceous,  has  not  yielded,  so 
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far  as  my  observations  go,  one  eingle  Aviculopecton  or 
Goniatitc,  so  numerous  in  a  brook  section  at  Binns,  on  the 
opposite  side  of  the  Tuller. 

A  fair  quantity  of  gannister  rock  was  removed  from  that 
part  of  the  tunnel  between  the  two  shafts,  but  no  well 
defined  coal  seam  was  met  with,  and  as  I  only  examined  the 
"tips"  occaaionally,  I  cannot  aay  positively  where-nbouts  the 
gannister  was  found  to  a  few  yards,  but  it  was  quite  full  of 
HtigTnariu  ficoides,  but,  unlike  most  gannister  of  the  neigh- 
bourhood, it  was  arenaceous  and  friable,  and  soon  crumbled 
to  powder  on  exposure. 

Taken  as  a  whole  thp  different  strata  are  much  disturbed 
from  their  natural  position,  and  occaaionally  the  dip  wai 
found  reversed. 

If  I  may  venture  an  opinion,  T  believe  the  different  coal 
beda  here  alluded  to  belong  to  the  "  First  Coal"  series  found 
immediately  above  the  Millstone  G-rit,  as  described  by 
Professor  Hull  in  his  "  Memoirs  of  the  Geological  Survey," 
page  16. 

The  shales  in  places  contained  really  good  specimens  of 
"  slickensides,"  with  shining  surfaces  as  smooth  as  glass. 

Fine  parallel  scratches  are  observable  on  some  of  the 
specimens,  indicating  the  direction  of  the  movement  which 
has  polished  them. 

The  planes  of  stratification  are  poHahed  only,  and  not  the 
joints,  as  one  sometimes  sees  in  hard  gritty  rocks. 

Worm  tracts  are  numerous  in  a  bed  of  grey  rocks  existing 
between  No.  2  shaft  and  Piethome  Valley ;  so  numerous, 
indeed,  are  the  worm  borings  that  the  horizontal  layers  of 
sand  are  exhibited  thrown  up  on  each  side  of  the  boring 
that  a  transverse  section  presents  the  appearance  of  having 
been  deposited  by  rippling  wBt«r. 
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In  reply  to  some  observations  by  Mr.  Penman  as  to  the 
efficiency  of  the  means  adopted  for  ventilation, 

Mr.  Watts  said  that  the  apparatus  of  a  cowl  at  the  top  of 
air  pipes,  which  he  had  described,  was  believed  to  be,  and, 
in  fact,  the  workmen  found  it  to  be,  the  most  effective  when 
there  was  a  strong  current  of  wind. 

Mr.  Martin  said  that  judging  from  the  effects  of  the 
powder  smoke  upon  the  workmen,  as  described  by  Mr.  Watts, 
he  should  say  that  it  could  not  be  considered  otherwise  than 
unhealthy.  When  the  men  "  looked  pale  and  depressed,  and 
felt  disinclined  for  their  food,''  in  consequence  of  the  state 
of  the  ventilation,  he  thought  there  coidd  be  no  question 
that  the  case  was,  in  the  words  of  the  Mines  Regulation  Act, 
one  of  inadequate  ventilation.  It  was  too  frequently  the 
case  in  driving  tunnels,  where  ventilation  was  not  so 
imperatively  insisted  upon  as  it  was  in  mines,  that  men 
were  allowed  to  work  in  places  ill  ventilated,  those  interested 
in  carrying  out  the  work  forgetting  the  indirect  cost  it 
entailed,  as  the  amount  of  work  men  could  do  was  not 
equal  to  what  it  woidd  be  if  the  air  was  kept  fresh  and 
clear  from  powder  smoke  or  imhealthy  exhalations. 


Id 
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At  the  Ordinary  Meeting  of  the  Members  of  the 
Society,  held  on  Tuesday,  the  25th  day  of  May,  in 
the  Literary  and  Philosophical  Society's  Rooms,  George 
Street,  Manchester ; 

Joseph  Dickinson,  Esq.,  F.G.S.,  Vice-President, 

in  the  Chair. 

Dr.  Duncan,  of  Tyldesley,  was  elected  an  ordinary 
member.  

CRESWELL    CAVE. 
DISCOVERY    OF    THE    MACHAIRODUS    TOOTH. 


Mr.  Heath  and  Mr.  Plant  read  notes  alleging  the  disooyery 
of  the  above  named  tooth  to  have  been  the  result  of  a  hoax 
or  fraud.  Professor  Dawkins  and  the  Rev.  Mr.  Mello 
replied  and  denied  the  allegations. 

Mr.  Mark  Stirrup  also  took  part  in  the  discussion. 


THE    FORMATION    OF    ROCK    BASINS. 
By  J.  D.  Kendall,  C.E.,  F.G.S. 


Professor  Ramsay,  in  his  paper  on  "Glacial  origin  of 
Lakes,"  published  in  Vol.  18,  part  3,  of  the  Quarterly 
Journal  of  the  Geological  Society,  shows,   I  think,  very 
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clearly  that  lakes  which  occupy  rock  basixiB,  rich  aa  we 
know  in  Switzerland  and  our  own  country,  do  not  invariably 
lio  either  in  simple  synclinal  trongha  or  along  lines  of 
dislocation,  and  that  they  do  not  occupy  either  area^  of 
special  suheidencc  or  hollowa  produced  by  wave  action  or 
weathering.  But  1  do  not  think  Professor  Ramsay's 
remarks  on  river  action  are  quit*  ao  satisfactory.  They  are 
US  follows:  "running  water  may  scoop  out  sloping  valley 
or  gorge,  but,  excepting  little  swallow  holes,  it  cannot  fonn 
and  deepen  a  profound  hollow,  so  as  to  leave  a  rocky  barrier 
all  round."  With  all  deference  to  Professor  Ramsay's  greiit 
experience,  I  believe  that  circumstances  may  arise  in  the 
natural  order  of  things  when  this  a^ertion  of  his  would  be  ■ 
quite  incorrect-  Further  on,  an  attempt  will  be  made  to  I 
show  this,  in  the  meantime  it  may  not  be  uninteresting  to 
notice  one  or  two  of  the  difficulties  which  appear  to  stand  in 
the  way  of  FrofeBsor  Ramsay's  explanation  of  the  origin  of 
rock  basins  by  glacial  erosion. 

In  the  first  place,  I  fail  to  see  why  the  erosive  action  of 
the  old  glaciers  should  have  been  greater  at  the  particular 
places  where  we  find  rock  basins  than  at  other  parts  of  their 
courses.  If  these  basins  always  occurred  in  the  softest 
strata,  then  Professor  Ramsay's  explanation,  so  far  as  I  can 
judge,  would  be  much  more  probable,  hot,  seeing  that  we 
sometimes  find  a  basin  formed  in  rocks  of  eqoal,  or  again  of 
very  different  degrees  of  hardness,  it  seems  to  me  that  some 
other  agent  than  ice  was  necessary  to  initate,  if  not  to  fully 
excavate  the  rocky  receptacles  of  our  lakes  and  tarns. 

Fig.  I  is  a  rough  and  much  exaggerated  section  of  a  rock 
basin  in  the  bottom  of  a  valley,  similar  to  those  that  hold 
the  waters  of  the  English  and  Scotch  lakes. 

What  there  is  in  the  nature  of  glacier  action  to  produce 
a  hollow,  such  as  the  above,  a&<;,  in  rocks  that  are  of  equal 
hardness  to  those  all  round  that  hollow,  I  cannot  understand. 


369 

yet  we  know  hj  oommon  obseryation  that  rock  basins  hsYe, 
in  some  way  or  other,  mostly  been  formed  by  the  removal  of 
rocks  equally  as  hard  as  those  that  remain  along  their  sides. 
Clearly,  this  could  only  have  residted  from  a  locally 
increased  erosive  action,  but  how  was  that  increased  action 
produced?  Professor  Ramsay,  in  the  paper  already  alluded 
to,  says  that  ''  sometimes  in  the  convolutions  of  the  strata 
(conjoined  with  pre-glacial  denudation  subsequent  to  the 
contortion  of  the  beds)  softer  parts  of  the  coimtry  may 
have  been  scooped  out,  leaving  a  hollow  surroimded 
by  a  framework  of  harder  rock;  but,  perhaps,  more 
generally  they  were  formed  by  the  greater  thickness 
and  weight,  and,  consequently,  proportionally  greater 
grinding  pressure  of  glacial  ice  on  particular  areas  due 
to  accidents  to  which  it  is  now  often  difficult  or  im- 
possible to  find  the  clue."  The  first  part  of  this  suggest- 
ion is  clearly  inapplicable  to  the  case  under  consider- 
ation, as  rocks  of  equal  hardness  to  those  remaining 
are  supposed  to  have  been  removed.  The  onus  must, 
therefore,  fall  upon  the  second  part  of  Professor  Ramsay's 
explanation.  In  J^ig.  1,  a  glacier  is  represented  as  moving 
over  a  rock  basin  in  the  bottom  of  a  valley.  Immediately  over 
the  centre  of  a  basin  the  ice,  b  b\  it  will  be  observed,  is  much 
thicker  than  it  is  at  either  end  of  that  basin,  as  for  instance, 
at  a  of  or  c  c'.  But  that  being  so,  does  it  follow,  as  suggested 
by  Professor  Ramsay,  that  its  erosive  action  would  be 
greater  at  the  former  point  than  at  either  of  the  latter  points, 
I  think  not.  It  is  clear  that  where  the  ice  is  thickest,  other 
things  being  equal,  its  motion  must  be  least,  as  is  the 
case  with  rivers.  Moreover,  we  know  that  erosion  is  an 
effect  of  mass  in  motion.  Mass  at  rest  and  motion  without 
weight  (if  such  a  thing  as  the  latter  were  conceivable),  must 
both  be  incapable  of  erosive  action.  Again,  it  is  evident  that 
relatively  the  measure  of  the  wasting  away  (erosively)  of  one 
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body  by  another  is  the  friction  that  ia  produced  by  their 
movement,  on  one  another.  Now  friction  ia  proportional 
to  the  pressure  or  weight,  so  that  if  one  part  of  a  glacier  be 
twice  as  thick  as  another  part,  the  friction  at  the  former 
place  will  be  double  that  at  the  latter,  that  is  to  say,  if  the 
thickness,  6  b'  were  double  c  e'  or  a  a,  the  friction  at  b  would 
be  double  that  at  c  or  a.  This  statomont  is,  however, 
luadified  when  we  take  into  consideration  the  width  of  the 
glacier.  If  we  supposBjIt  to  be  of  the  same  width  throughout, 
its  velocity  at  any  point  will  be  inversely  as  the  thickoess, 
in  other  words,  it  will  move  twice  as  quickly  at  c  or  a  as  it 
will  at  h  (if  all  the  ice  at  each  port  of  the  glacier  bo  in 
motion),  so  that  twice  the  quantity  of  ice  will  come  into  ; 
contact  with  any  given  area  of  the  glacier  bed  at  c  or  n  that  1 
there  will  at  6.  To  put  it  differently,  the  ice  at  c  or  it 
being  only  half  the  thickness  that  it  is  at  (,  the  presiure  at 
the  former  points  will  bo  but  half  of  what  it  is  at  the  latter- 
But  the  fxlodty  of  the  ice  at  t;  or  a  being  double  that  at  h, 
the  friction  at  the  former  points  is  continued,  so  to  speak, 
through  double  the  distance  that  it  is  at  the  latter,  so  that 
really  the  friction  at  the  three  places  is  equal.  That  being 
so,  it  follows  that  the  erosive  action  of  the  glacier  a  could 
not  possibly  have  given  rise  to  the  rock  basin  a  (  c,  if  the 
valley  in  which  it  occurs  be  of  equal  width  throughout. 

Agaio,  if  we  suppose  the  valley  (and  consequently  the 
glacier)  at  e  c'  or  a  n  to  be  narromr  than  at  b  b'  the  velocity 
of  the  ice  over  c  or  a  would  be  still  further  increased  in 
relation  to  that  moving  over  i,  bo  that  the  friction  at  c  or  a 
would  be  greater  than  that  at  i  in  a  proportion  inversely 
as  the  widths  of  the  glacier  at  the  re^ective  points.  A 
rock  basin  could  not,  therefore,  be  formed  at  a  (  c  even  on 
this  supposition. 

Were  the  valley  icider  at  aa'  qt  c  c'  than  6  b',  the  velocity 
of  the  ice  over  o  or  c  would  be  reduced,  and  would  equal 
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that  moving  over  b  when  the  width  of  the  valley  at  the 
former  points  was  to  that  at  the  latter  in  the  ratio  of  two  to 
one.  The  friction  at  b  would  then  be  double  that  at  a  or  c, 
and  generally  it  would  be  inversely  proportional  to  the 
widths  at  the  two  places.  We,  therefore,  see  that  the 
friction  at  b  can  only  exceed  that  at  c,  and  consequently  at  a, 
when  the  width  of  the  valley  at  6  is  less  than  it  is  at  either 
a  or  c,  so  that  the  deepest  part  of  a  rock  basin  formed  by 
glacier  erosion  should  be  at  the  narrowest  part  of  the  valley, 
between  the  upper  and  lower  ends  of  the  basin,  that  is,  at 
the  narrowest  part  of  the  valley  in  Fig.  1,  between  a  and  c. 
But  this  does  not  correspond  with  the  facts  of  observation. 
On  the  contrary,  it  is  directly  opposed  to  them,  so  that  it 
seems  perfectly  safe  to  conclude  that  rock  basins  were  not 
formed  by  glacier  erosion.  Besides,  I  have  never  yet  seen 
it  explained  how  these  basins  began  to  be  formed  by  glacier 
erosion ;  for  until  a  basin  had  been  formed,  there  would  be 
no  difference  in  the  thickness  of  the  ice  at  a',  b',  or  e'  (Fig.  1), 
so  that  there  would  be  no  difference  of  pressure  and  there- 
fore no  difference  of  erosive  action.  In  this  connection  let 
us  look  at  XJllswater  for  a  short  time.  Fig.  2  is  a 
plan  of  that  lake,  showing  the  depths  at  various  points, 
in  fathoms,  from  which  it  is  seen  that  the  lake  con- 
sists of  two  basins,  as  shown  in  an  exaggerated  manner  in 
Fig.  3,  which  is  a  diagrammatic  section  along  the  centre  of 
the  lake.  From  this  section  it  is  clear  that  a  glacier  passing 
down  the  valley  now,  over  the  site  of  the  lake,  would  be 
much  thicker  over  the  deepest  part  of  each  basin  (if  the 
water  were  removed,  that  is,  if  the  ice  followed  the  rock,) 
than  it  woidd  be  over  the  ridge  separating  the  two  basins, 
but  that  would  not  be  so  before  the  basins  were  formed,  as 
is  indicated  by  the  dotted  lines  a  b  and  c  d.  Now  the  ridge 
between  the  basins  is  not  formed  of  a  harder  rock  than  that 
around  them,  and,  therefore,  on  the  hypothesis  of  glacier 
erosion,  this  ridge  should  not  have  existed. 
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Let  mo  Qow  proceed  to  the  more  immediate  object  of  this 
oommunication.  A  little  over  two  years  ago,  when  rambling 
among  the  southern  uplands  ot  Scotland,  I  came  upon  a 
aection  which  at  the  time  euggested  an  explanation  of  rock 
basins  that,  so  far  as  I  am  aware,  has  not  previously  been 
offered,  but  which  seems  to  be  Tery  much  more  in  agreement 
with  facta  than  that  of  glacier  erosion.  The  section  referred 
to  is  given  below,  in  Fig.  4,  and  may  be  seen  in  Selcoth 
Bum,  a  small  stream  which  joins  the  Moffatt  Water  about 
four  miles  east  of  the  town  of  MoSiitt. 

In  this  section  there  ure  a  number  of  rock  basins  that 
eyidently  have  been  formed  by  the  action  of  the  water  in 
the  Burn,  the  main  current  of  which  follows  the  line  indi-  ' 
oated  by  the  arrows,  as  was  easily  soen  on]  throwing  any 
■ubstanoe  into  it  of  nearly  the  same  specilic  gravity  as  the 
water.  A  piece  of  wet  wood,  for  instance,  thrown  into  the 
appermost  basin  was  carried  down  the  stream  nearly  along 
^e  bottom,  appearing  at  the  surface  only  aa  it  passed  from 
one  pool  to  another. 

Now,  were  it  possible  to  get  a  sufficiently  large  body  of 
water  with  a  suffioient  fall,  there  appears  to  me  no  reason 
whatever  why,  in  this  way,  rock  basins  might  not  be  pro- 
duced large  enough  to  hold  any  of  the  Scotch  or  English,  or 
even  Swiss  lakes ;  for  each  of  the  pools  in  the  above  figure  may 
be  looked  upon  as  a  small  lake,  and  it  seems  to  me  that  we 
only  require  the  same  conditions  as  those  indicated  above, 
but  on  a  larger  scale,  to  produce  a  larger  result.  But  where 
can  auoh  conditions  be  found  ?  Do  they  or  did  they  ever 
anywhere  exist  ?  It  seems  to  me  that  they  must  have  pre- 
vailed, more  or  less,  at  some  time  or  other,  in  all  glaciated 
countries.  At  the  present  time  they  are  found  in  those 
immense  rivers  described  by  Professor  Nordenskjold  as 
flowing  over  the  icefields  of  Qreenland,  and  at  places  rushing 
down  cravaues  to  unascertained  depths  below.    He  tells,  in 
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Vol.  9y  Q^ological  Magazine,  that  he  and  his  companions 
"  saw,  at  some  distance  from  them,  a  well-defined  pillar  of 
mist,  which,  when  they  approached  it,  appeared  to  rise  from 
a  bottomless  abyss  into  which  a  niighty  glacier-river  fell. 
The  vast,  roaring  water-mass  had  bored  for  itself  a  vertical 
hole,  probably  all  the  way  down  to  the  rock,  situated  cer- 
tainly more  than  2000  feet  beneath,  on  which  the  glacier 
rested."  The  denuding  e£fect  of  these  falling  waters  must 
be  something  enormous,  in  fact,  powerful  enough,  judging 
from  what  has  been  done  in  Selcoth  Bum,  to  produce  in  the 
rocks  below  hollows  as  large  as  our  largest  lake  basins,  and 
I  am  very  much  inclined  to  think  that  in  that  way  most  rock 
basins  have  been  produced,;andnot  by  glaciererosion.  Takethe 
English  Lake  country  as  an  example.  During  "  the  great 
ice  age  "  that  district  was  covered  by  a  considerable  thick- 
ness of  ice,  in  some  places  over  1200  feet,  and,  doubtless, 
along  that  ice,  at  certain  seasons  of  the  year,  immense  rivers 
of  water  would  flow,  as  they  do  now  in  G-reenland,  and,  on 
a  smaller  scale,  in  the  Alps.  Now,  these  rivers  would 
almost  certainly,  at  one  part  or  other  of  their  course,  be 
engulfed  in  some  of  the  many  yawning  crevasses  which  it  is 
reasonable  to  suppose  would  exist  in  the  ice  then,  as  now. 
Down  these  crevasses  the  water  would  rush  impetuously, 
gaining  energy  as  it  fell,  until  at  length  it  came  in  contact 
with  the  rocks  below,  on  which  its  denuding  effect  would  be 
somewhat  similar  to  that  of  the  falling  water  in  Selcoth 
Bum,  only  the  body  of  water  and  the  height  through  which 
it  fell  being  greater  in  the  former  than  in  the  latter  case, 
its  action  on  the  underlying  rocks  would  be  more  severe, 
and,  consequently,  a  larger  rock  basin  would  be  produced. 
An  ideal  section,  illustrative  of  this  suggestion,  is  given 
below  in  Fig.  5. 

The  greatest  depth  of  Wastwater — ^the  deepest  of  the 
English  lakes — being  about  250  feet,  it  may  seem  incredible 
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bottom  like  the  water  in  Selcoth  Bum;  but  the  height 
through  which  the  super-glacial  stream  would  fall  must  not 
bo  forgotten.  It  hoa  been  shown  by  the  late  Mr.  J.  C.  Wtird 
that  the  thickneBB  of  the  glacier  which  passed  down  Wastdals, 
over  Wastwater,  most  have  been  about  1500  fe«t,  measored 
Irom  the  present  surface  of  the  lake.  The  falling  wat«r 
vould,  therefore,  accumulate  energy  due  to  a  more  or  leaa 
interrupted  descent  of  1600  feet  before  coming  into  collision 
^th  the  waters  of  the  lake,  assnming,  of  course,  what  ii 
extremely  probable,  that  then,  as  now,  the  basin  would  be 
full  of  wator.  Surely  this  accumulated  energ}'  would  be 
mifficient  to  set  the  250  feet  of  standiug  water  in  motion, 
even  to  the  bottom,  for  the  water  of  Selcoth  Bum  has  in 
Bome  places  only  a  fall  of  2  feet,  yet  it  can  aet  in  motion  to 
tlie  bottom,  pools  that  are  otot  6  feet  deep.  Again,  it  may 
seem  equally  incredible  that  a  falling  river  could  excavate  a 
basin  00  much  wider  than  it  must  have  been  itself.  Bat  in 
Selcoth  Bum  we  have  direct  proof  that  such  a  thing  ia  pos- 
sible, for  at  the  falling  points  a'  a"  a"  the  stream  is  very 
much  narrower  than  it  ia  at  1/  h'  b"',  in  one  case  less  than  a 
tenth. 

As  the  glacier  shown  in  the  ideal  section  above  moved  along 
its  bed,  the  crevasse  down  which  it  is  supposed  the  river  fell 
would  move  also  along  with  it,  so  that  the  point  at  which 
the  descending  waters  struck  the  rocks  below  would  not  be 
stationary,  it  might  be  thought,  as  it  is  at  Selcoth  Bum, 
but  would  move  forward  with  the  glacier.  The  formation 
of  crevasses  at  or  about  a  particular  point,  owing  to  some 
change  in  the  configuration  of  the  valley  down  which  the 
glacier  moved,  would,  however,  confine  the  falling  action  of 
the  engulphed  water  to  a  certain  part  of  the  glacier  bed,  lor 
the  latest  formed  crevasse  being  farthest  up  tbe  glacier 
would  always  intercept  the  super-glaoial  stream  or  river. 
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It  thus  appears  that  if  rock  basins  have  been  formed  in 
this  way  there  should  be  an  intimate  connection  or  relation 
between  their  position  and  the  form  of  the  valley  in  which 
they  lie.  By  way  of  testing  the  accuracy  of  the  explanation 
proposed,  let  us  see  if  this  inference  corresponds  with  fact. 
For  this  purpose  Fig.  6  has  been  prepared.  It  shows  most 
of  the  English  lakes  as  they  are  at  present,  and  also  those 
parts  of  them  which  have  been  filled  up  by  alluvium. 
Taking  the  original  extent  of  the  basins  it  will  be  observed 
that  at  the  head  of  every  one  of  them  the  valleys  in  which 
they  lie  send  out  branches  in  two  or  more  directions,  as 
shown  by  the  contour  lines.  Beginning  with  Wastwater, 
it  will  be  seen  that  at  the  head  of  the  original  lake — ^that  is, 
at  the  upper  end  of  the  alluvial  tract  which  extends  north- 
wards from  the  head  of  the  present  lake — the  valley  divides 
into  two  branches,  one  running  towards  Soawfell,  the  other 
towards  Ennerdale.  At  the  head  of  Buttermere  and  Crum- 
mock — ^for  they  may  be  looked  upon  as  one,  and  doubtless 
were  one  originally~we  find  the  same  sort  of  thing,  and  so 
we  do,  in  fact,  at  the  head  of  most  of  the  other  lakes,  as  well 
as  at  the  upper  end  of  those  alluvial  flats — apart  from  lakes 
or  tarns — which  occur  here  and  there  in  the  valley  bottoms 
of  the  lake  district,  and  which  at  one  time  were  no  doubt  so 
many  sheets  of  water.  The  head  of  each  lake  originally  was, 
therefore,  just  where,  in  glacial  times,  two  or  more  glaciers 
would  imite,  and,  consequently,  where  crevasses  would  be 
produced  continually.     Fig.  7  will  illustrate  this. 

It  is  well  known  that  glaciers,  like  rivers,  move  slower  at 
the  sides  than  at  the  centre.  The  velocity  of  the  glaciers 
A  and  By  Fig.  7,  would  therefore  be  less  along  a  b  and  c  b 
than  along  a'  b'  and  c'  b\  But  the  side  ice  a  b  and  c  b,  after 
imion  at  b,  passes  on  to  b',  where  its  velocity  is  considerably 
increased.  It  is  clear,  therefore,  that  between  b  and  b'  a 
number  of  crevasses  would  be  constantly  forming,  so  as  to 
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allow  the  sid«  Jce  U>  increaae  ito  velocity  to  equal  that  of  the 
central  ice.  These  orevassea  would  swallow  tip  nearly  all 
gtreuma  coming  from  the  higher  end§  of  the  glaciers  A  and 
£,  and  the  effect  of  thia  falling  water  on  the  rocks  below 
would  be  the  formation  in  them  of  a  baain,  the  head  of 
which  would  be  a  little  below  li.  Similar  crevaasea  would 
kIbd  be  formed  where  other  branch  valleya  joined  the  main 
one,  as,  for  iuatanoe,  at  the  side  valley  branching  oul 
oppoaitc  the  centre  of  Wastwater,  or  that  between  the  lakes 
ofCrumraockandButtermere.  Such  crevasses  would  swallow 
up  any  super-glacial  streams  they  intercepted,  and  these 
would  help  to  foi-m  the  rock  banin  below  as  much,  perhaps, 
OB  the  water  which  fell  through  the  crevasses  at  the  upper 
end  of  any  basin.  In  this  way  I  would  explain  the  lower 
basin  of  Windermere  (Fig.  8).  Crevasses  being  produced  at 
the  south  end  of  Claife  Heights  by  the  union  of  the  £sth- 
waite  glacier  with  that  coming  down  from  Ambleside,  water 
would  rush  down  throug'h  them  and  form  this  lower  basin, 
or,  at  any  rate,  help  to  form  it,  for  no  doubt  several  such 
streams,  although  of  less  importance,  would  paaa  through 
the  glacier  between  the  Ferry  and  Lakeside.  The  lower 
basin  of  UUswater  may  also  be  explained  in  the  same  way, 
for  on  referring  to  Fig.  2  it  will  be  found  that  at  tlie  head 
of  this  basia  a  large  branch  valley,  coming  down  from  The 
Nab,  enters  the  main  one  from  Fatterdale.  At  the  junction, 
orevassee  would  be  formed  in  the  glaoiers,  and  those  orevasses 
would  swallow  up  the  water  thawed  from  the  upper  parts  of 
the  icefield,  which  would  initiate  and  contiuae  to  deepen 
the  lower  rock  basin  which  commences  at  the  point  where 
the  two  yalleys  unite.  The  second  basins  spoken  of  by  Mr. 
James  Qeikie  (in  his  G-reat  Ice  Age),  as  occarring  below 
"narrows,"  may  also  be  explained  in  this  way,  tributary 
valleys  coming  in  at  the  head  of  the  second  or  lower  ba«in. 
The  existence  of  islands  in  lakes  presents  no  difBculty  to 
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this  explanation,  whilst  the  fact  that  the  deepest  part  of  the 
basins  is  near  their  upper  end,  or  opposite  a  secondary 
yalley,  might  have  been  predicted.  We  are  also  enabled  by 
it  to  understand  the  curious  holes  which  ai'e  sometimes  found 
in  the  bottom  of  lakes,  like  large  pot-holes. 

The  numerous  tarns  occupying  rock  basins  may  also  be 
explained  in  this  way.  As  a  nde  these  small  sheets  of  water 
are  found  at  considerable  altitudes,  and  not  far  from  the 
water  shed.  Fig.  9  is  a  sketch  section  of  Goats  Water,  on 
on  the  side  of  Coniston  Old  Man,  and  it  may  be  fairly  taken 
as  typical. 

A  glacier,  after  coming  down  from  the  higher  ground 
about  the  Old  Man  and  arriving  at  A,  would  move  off  partly 
down  Seathwaite  Valley  and  partly  through  the  comb  holding 
Goats  Water.  This  movement  of  the  glacier  in  nearly  oppo- 
site directions  would  produce  crevasses  in  it  on  each  side  of 
the  water  shed.  Down  these  crevasses  water  would  almost 
certainly  be  carried,  and  on  one  side  of  the  water  shed  form 
the  rock  basin  holding  Goats  Water,  and  on  the  other  side 
assist  in  the  formation  of  Seathwaite  Tarn,  which  is  a  little 
lower  down  Seathwaite  Valley  than  where  the  section  is 
taken. 

In  some  cases  tarns  occur  nearly  on  the  water  shed,  a 
position  where  we  would  expect  to  find  them  if  the  explana- 
tion I  am  now  offering  be  correct,  but  certainly  not  one  in 
which  we  should  look  for  them  if  we  supposed  them  to  be 
the  result  of  glacier  erosion. 


Mr.  Db  Raxce  said  he  would  rather  have  not  opened  the 
discussion  upon  the  subject  of  the  paper,  because  it  was  really 
an  attack  upon  the  opinions  of  his  chief  (Prof.  Ramsay) : 
at  the  same  time,  that  was  a  reason  why  he  should  not 
altogether  remain  silent.  Mr.  Kendall's  theory  was  an 
exceedingly  ingenious   one,  and  the  author  appeared  to 
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have  spout  a  good  deal  of  time  aad  takau  much  trouble  in 
working  it  out ;  still,  as  far  as  it  uffoctod  Kimself  (Mr.  De 
Eanco)  he  entirely  disagreed  with  it.  He  agre«d  vith  Mr. 
Kendall  that  there  might  be  certain  difficulties  in  the  appli- 
cation of  Pi'of.  Ramsay's  theory ;  but  the  difficulties  were 
still  greater  in  the  theory  which  Mr.  Kendall  proposed  to 
put  in  its  place.  Thoy  found,  at  the  present  time,  in  the 
central  position  of  the  Lake  district,  a,  distinctly  radiah 
arrangement  of  waterflow, — water  wa?  flowing  in  nearly 
all  directions, — and  when  they  examined  a  map  on  which 
were  traced  (aa  on  the  map  of  the  Ambleside  and  neighbouring 
districts,  prepared  by  the  late  Rev.  Clifton  Ward  and  him- 
self,) the  lines  reprosenting  the  old  ice-flow,  there  w»s 
exactly  the  same  arrangement,  aad  whereyer  obstruction 
was  offered  a  rock-basin  is  found  behind  it. 

Oneof  Mr.  Kendall's  difficulties  lay  in  the  fact  that  in  cer- 
tain cases  which  he  presented,  the  diagrams  were  not  drawn  to 
truescale.  When  they  came  to  draw  the  rock  baains  of  the  Lake 
distriot  to  true  scale,  they  saw  at  once — (taking,  for  instance^ 
the  case  of  Ullswater,) — that  so  far  from  presenting  a  deep 
gorge  on  a  six  inch  scale,  the  depth  was  oomparatiTely 
inappreciable.  Prof.  Ramsay  never  professed  to  say  that 
the  valley  in  which  Windermere  or  any  of  the  lakes  was 
situated  was  formed  by  ice :  he  merely  said  that  that  portion  of 
the  valley  which  lay  beneath  the  water  level, — beneath  the 
level  at  which  the  water  flowed  away  from  the  lake  at  the 
present  time  was  bo  formed.  All  they  had  to  account  for 
was  not  the  depth  of  the  Windermere  valley, — 2000  to 
3000  feet,— but  the  234  feet  below  the  water  level.  At  the 
place  where  two  glaciers  met,  acoording  to  Mr.  Kendall,  the 
central  ice  would  be  very  much  crevassed,  and  a  great  pot-hole 
would  be  formed.  If  that  was  so,  they  would  expect  to  find 
that  pot-hole  at  the  top  of  the  lake. '  But  it  was  not  there ; 
for  the  deepest  pact  of  Lake  Windermere  was  neither  at 
the  top  nor  at  the  middle  of  the  lake,  but  at  the  side,  just 
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opposite  Wray  Castle.  When  they  examined  such  rock-basins 
as  Rydal  and  Grasmere  lakes  they  found  that  the  water  had 
cut  a  passage  at  the  foot  of  each  by  which  it  escaped,  and 
that  the  rdches  montonnies  at  the  foot  of  the  lakes  were  all 
scratched  and  scored,  pointing  to  the  flow  of  ice  being  arrested, 
and  a  passage  scooped  out  in  the  manner  suggested  by  Prof. 
Ramsay.  The  Professor  seemed  to  him  to  have  an  excellent 
argument  in  the  fact  that  if  you  examine  the  map  of  any 
glaciated  country  in  the  world  there  you  always  find  lake 
basins.  Mr.  Kendall  might  of  course  say  that  there  was  ice 
in  which  were  formed  crevasses,  and  that  through  these  water 
flowed,   forming  hollows. 

Mr.  Kendall  referred  to  Greenland.  The  great  difficulty  as 
to  Greenland  was  that,  according  to  the  information  we  pos- 
sess, there  are  no  hills  and  valleys  under  the  ice  at  all.  If 
they  drew  a  section  through  Greenland  they  had  a  certain 
rocky  territory  on  the  east  and  a  certain  rocky  territory  on 
the  west  of  the  country,  and  between  the  two  was  a  great 
dome  of  ice ;  but  as  far  as  anyone  knew — and  Prof.  Norden- 
skjold  himself  thought  so — there  was  a  great  flat  at,  or  it 
might  possibly  be  below  the  sea  level,  beneath  that  dome 
of  ice.  Water  falling  through  crevasses  in  the  interior 
escaped  from  the  base  of  the  ice,  which  filled  up  the 
gorges  betwixt  the  rocky  islets  and  the  edges  at  the 
circumference;  in  fact  you  may  compare  Greenland  to 
two  gigantic  saucers,  one  at  the  bottom  representing  rock ; 
the  other  at  the  top  representing  ice.  The  water  which 
escapes  at  the  edges  is  full  of  detritus,  and  makes  the  great 
shoals  that  form  at  the  entrance  to  all  the  bays  of  Western 
Greenland.  It  is  not  known  that,  in  Greenland,  rivers 
are  running  under  the  ice  and  making  valleys,  and  any 
theory  to  account  for  the  origin  of  rock-basins,  must  not 
merely  explain  the  formation  of  the  small  lakes  of  Britain, 
but  the  far  larger  lakes  of  Italy  and  Switzerland. 

Mr.  AiTKEN  said  that  Mr.  De  Ranee  had  had  so  great 
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experioncc  in  the   Luke  district,  and  he   spoke  with  such 
authority,  that  little  needed  to  be  added   to  vhat  he  had  I 
Bsid.     But  one  idea  struck  him  (Mr.  AJtken)  during  the  j 
reading  of  the  paper  which  it  might  not  be  out  of  place  to  ' 
mention,  namely,  that  if  rock  ha<4ins  began  to  be  formed  aa 
pot-holes    under    where  crevasses  were  generally   formed, 
these  crevasses  would  be  filled  at  the  bottom  with  a  very 
considerable  depth  of  water — the  depth  to  which  the  pot-  i 
bole  had   been  sunk.     Tt  seemed  to  him  that  that  would  . 
prevent  any  erosive  action  of  the  water  which  subsequently   i 
might  fall  at  the  same  place.     Water  in  sufficient  volume   , 
would  not  exist,  and  even  though  it  did  there  would  be  an 
absence  from  it  of  that  material  which  did  the  filing  away  of 
rooks  and  cutting  of  river  courses  under  other  circumstanoea ; 
consequently  it  appeared  to  him,  that  after  a  small  pot-hole 
had  been  formed  and  had  become  filled  with  water,  the  other 
water  falling  in  could  not  have  the  effect  which  Mr.  Kendall 
ascribed  to  it.     There  was  another  difficulty :  if  the  orevaasefl 
were  formed  by  two  streams  of  ice,  as  described,  the  pot-hole 
would  be  confined  to  the  particular  place  of  meeting.     But 
in  the  case  of  Windermere — ^not  to  speak  of  the  larger  lakes 
in  Switzerland — there  would  be  required  a  continual  motion 
of  thoee  crevasses  to  allow  the  erosive  action  to  take  place 
over  an  extended  area.    He  could  not  understand  how,  on  that 
principle,  Windermere  could  have  been  formed — a  lake  13 
miles  long  and  of  considerable  depth  for  a  great  portion  of  the 
distance — so  that  it  would  therefore  appear  that  Hr.  Kendall's 
theory  was  no  improvement  on  that  of  Prof.   Ramsay — 
although,  as  Mr.  De  Banco  had  stated,  every  geologist  most 
admit  that  the  question  was  beset  with  difficulties.     On  the 
whole,  in  his  (Mr.   Aitken's)   judgment,   Prof.   Ramsay^B 
view  was  preferable  to  that  of  Mr.  Kendall. 

Mr.  Plant  said  he  had  listened  to  Mr.  Kendall's  paper 
with  attention,  because,  as  had  been  stated,  the  subject 
was  surrounded  with  difficulties.    Whenever  he  visited  the 
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Lake  Districts,  he  endeavoured  to  form  for  himself  an 
ideal  of  what  these  must  have  been  at  the  time  when 
the  glaciers  were  scouring  out  the  basins  of  the  lakes — 
especially  those  of  Wales,  which  were  less  extensive  than 
the  English  lakes — but  he  had  never  been  able  to  be  quite 
satisfied  with  Prof.  Bamsay's  theory,  or  even  his  illustra- 
tions, as  quite  sufficient  to  account  for  the  origin  of  these 
lakes.  He  had  listened  to  Mr.  Kendall's  remarks  with 
considerable  interest,  but  he  was  not  inclined  to  think  that 
that  gentleman  had  bridged  over  the  difficulty,  or  that  he 
had  added  anj^thing  to  what  was  previously  known.  His 
theory  of  waterfalls  within  the  crevasses  seemed  certainly 
a  novel  one;  it  was  well  known  that  water  found  its 
way  down  crevasses,  and  it  must  have  the  effect  of  washing 
out  a  great  deal  of  the  detritus  which  had  accumulated  at 
the  bottom  of  the  glaciers ;  but  he  (Mr.  Plant)  could  not 
conceive  that  the  water  would  have  force  sufficient  to  wear 
away  and  continue  wearing  away  until  it  formed  an  elongated 
lake  basin  in  the  rocky  floor.  The  theoretical  explanation 
of  what  might  be  in  the  interior  of  Q-reenland  hardly 
applied  in  this  case ;  they  wanted  facts  in  geology 
wherever  they  could  get  them ;  and  if  Mr.  Kendall  could 
have  given  them  an  illustration  where  the  action  he 
described  had  undoubtedly  taken  place,  he  should  have 
been  inclined  to  regard  it  with  considerably  greater  satis- 
faction than  he  did. 

The  Chairman  (Mr.  Dickinson)  said  he  was  glad  to  see  one 
gentleman,  at  least,  who  would  come  and  give  the  Society  a 
paper  based  upon  sound  reasoning,  showing  that  the  glacial 
theory  was  not  to  be  accepted  without  some  debate ;  and  he 
was  also  pleased  to  find  that  both  Mr.  Aitken  and  Mr.  Plant 
recognised  the  difficulties  with  which  the  glacial  theory  was 
surroimded.  The  arguments  put  forward  by  Mr.  De  Ranee 
were  certainly  very  able  and  very  strong,  and,  he  thought, 
perhaps,  such  as  Prof.  Ramsay  himself  might  have  brought 
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man's)  mind,  the  glacial  theory  waa  based  simply  upon 
hypotheais — nothing  more — and  that  there  were  no  facts, 
nothing  but  a  few  coincidences  in  its  support.  He  would 
not  say  that  Mr.  Kendall's  theory  was  free  from  similar 
hypotheses ;  first,  the  depth  of  Windermere,  alluded  to  by 
Mr.  De  Ranee — that  was  sufficient  to  set  aside  the  possibility 
of  a  running  stream.  Where  waa  it  to  run  to,  when  it  was 
100  feet  below  the  level  of  the  sea?  That,  to  his  mind,  was 
an  insuperable  difficulty.  Then,  again,  the  radiate  arrange- 
ment of  the  lake  basins,  spoken  of  by  Mr.  Do  Ranee — that 
equally  upset  the  likelihood  of  glaciers  radiating  out  from 
one  common  centre  on  the  mountain  top.  The  subject  was, 
indeed,  beset  with  difficulties.  Who  could  tell  but  that 
a  far  too  limited  view  was  being  taken  of  the  cause  and 
effect  of  the  removal  of  the  upper  coating  of  the  earth  f 
They  found  thicknesaes  of  many  mOes  removed  in  places. 
Where  has  it  gone  to  P  He  did  not  think  they  had  before 
tham  yet  any  recognised  geological  theory  which  accounted 
for  it.  Many  years  ago,  as  some  gentlemen  might  recollect, 
he  brought  before  the  Society  a  paper  showing  the  possibility 
of  the  whole  planetary  system  having  been  at  one  time 
united,  and  that  the  so-called  "  denudation  "  was  where  the 
original  structure  became  divided,  as  each  planet  left  and 
took  its  particular  orbit.  The  idea  was  laughed  at  at  the 
time,  but  it  might  be  none  the  less  true  for  all  that.  When 
he  first  advanced  that  idea  it  was  not  known  that  the  earth 
and  the  planets  were  composed  of  the  same  materials.  Since 
then  that  wonderful  discovery  of  the  spectrum  analysis  had 
shown  that  they  do  consist  of  the  same  materials,  and  until 
he  found  some  better  theory  than  either  the  glacial  theory 
or  that  which  Mr.  Kendall  had  put  forward,  he  should 
adhere  to  the  view  which  he  had  held  now  for  a  quarter  of 
a  century. 

Mr.  Kendall  briefly  replied  to  the  several  speakers. 
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Lake  Districts,  he  endeavoured  to  form  for  himself  an 
ideal  of  what  these  must  have  been  at  the  time  when 
the  glaciers  were  scouring  out  the  basins  of  the  lakes — 
especially  those  of  Wales,  which  were  less  extensive  than 
the  English  lakes — ^but  he  had  never  been  able  to  be  quite 
satisfied  with  Prof.  Ramsay's  theory,  or  even  his  illustra- 
tions, as  quite  sufficient  to  account  for  the  origin  of  these 
lakes.  He  had  listened  to  Mr.  Kendall's  remarks  with 
considerable  interest,  but  he  was  not  inclined  to  think  that 
that  gentleman  had  bridged  over  the  difficulty,  or  that  he 
had  added  an3rthing  to  what  was  previously  known.  His 
theory  of  waterfalls  within  the  crevasses  seemed  certainly 
a  novel  one;  it  was  well  known  that  water  found  its 
way  down  crevasses,  and  it  must  have  the  effect  of  washing 
out  a  great  deal  of  the  detritus  which  had  accumulated  at 
the  bottom  of  the  glaciers ;  but  he  (Mr.  Plant)  could  not 
conceive  that  the  water  would  have  force  sufficient  to  wear 
away  and  continue  wearing  away  until  it  formed  an  elongated 
lake  basin  in  the  rocky  floor.  The  theoretical  explanation 
of  what  might  be  in  the  intorior  of  Greenland  hardly 
applied  in  this  case ;  they  wanted  facts  in  geology 
wherever  they  could  get  them ;  and  if  Mr.  Kendall  could 
have  given  them  an  illustration  where  the  action  he 
described  had  undoubtedly  taken  place,  he  should  have 
been  inclined  to  regard  it  with  considerably  greater  satis- 
faction than  he  did. 

The  Chairman  (Mr.  Dickinson)  said  he  was  glad  to  see  one 
gentleman,  at  least,  who  would  come  and  give  the  Society  a 
paper  based  upon  sound  reasoning,  showing  that  the  glacial 
theory  was  not  to  be  accepted  without  some  debate  ;  and  he 
was  also  pleased  to  find  that  both  Mr.  Aitken  and  Mr.  Plant 
recognised  the  difficulties  with  which  the  glacial  theory  was 
surroimded.  The  arguments  put  forward  by  Mr.  De  Ranee 
were  certainly  very  able  and  very  strong,  and,  he  thought, 
perhaps,  such  as  Prof.  Ramsay  himself  might  have  brought 
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forward  in  support  of  the  theory ;  but  to  his  (the  Chair- 
man's)  mind,  the  glacial  theory  was  based  simply  upon 
hypothesis — nothing  more^and  that  there  were  no  facta, 
nothing  but  a.  few  coincidences  in  it«  support.  He  would 
not  Bay  that  Mr.  Eendoll'ig  theory  was  free  from  similar 
hypotheses ;  first,  the  depth  of  Windermere,  alluded  to  by 
Mr.  Do  Ranee — that  was  sufficient  to  set  aside  the  possibility 
of  a  running  stream.  Where  was  it  to  run  to,  when  it  was 
100  feet  below  the  level  of  the  sea  ?  That,  to  his  mind,  waa 
an  insuperable  difficulty.  Then,  again,  the  radiate  arrange- 
ment of  the  lake  basins,  spoken  of  by  Mr.  De  Ranee — that 
equally  upset  the  likelihood  of  glaciers  radiating  out  from 
one  common  centre  ou  the  mountain  top.  The  subject  was, 
indeed,  beset  with  difficulties.  Who  could  tell  but  that 
a  far  too  limited  view  was  being  taken  of  the  cause  and 
effect  of  the  removal  of  the  upper  coating  of  the  earth  ? 
They  found  thickneases  of  many  miles  removed  in  places. 
Where  haa  it  gone  to  P  He  did  not  think  they  had  before 
them  yet  any  recognised  geological  theory  which  accounted 
for  it.  Many  years  ^o,  as  some  gentlemen  might  recollect, 
he  brought  before  the  Society  a  paper  showing  the  posaibility 
of  the  whole  planetary  system  haviog  been  at  one  time 
united,  and  that  the  so-oalled  "  denudation  "  was  where  the 
original  structure  became  divided,  as  each  planet  left  and 
took  its  particular  orbit.  The  idea  was  laughed  at  at  the 
time,  but  it  might  be  none  the  less  true  for  all  that.  When 
he  first  advanced  that  idea  it  was  not  known  that  the  earth 
and  the  planets  were  composed  of  the  same  materials.  Since 
then  that  wonderful  discovery  of  the  qtectrum  aoalyaiB  had 
shown  that  they  do  consist  of  the  same  materials,  and  until 
he  found  some  better  theory  than  either  the  glacial  theory 
or  that  which  Mr.  £endall  had  put  forward,  he  should 
adhere  to  the  view  which  he  had  held  now  for  a  quarter  of 
a  century. 
Mr.  Kendall  briefly  replied  to  the  several  speakers. 
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MANCHESTER    GEOLOGICAL    SOCIETY. 


Pabt  XVni.  Vol.  XV.  Sbssiok  1879-80. 


At  the  Ordinary  Mbeting  of  the  Members  of  the 
Society,  held  on  Tuesday,  the  29th  day  of  June,  in 
the  Literary  and  Philosophical  Society's  Rooms,  George 
Street,  Manchester ; 

John  Aitken,  Esq.,  Vice-President, 
in  the  Chair. 

Mr.  William  Crompton,  Colliery  Proprietor,  Ince,  near 
Wigan,  was  elected  an  ordinary  member. 


THE  SINKING  AT  BAMFURLONG  COLLIERY. 


The  Chairman  announced  that  the  paper  read  at  a 
former  meeting  by  Mr.  Walter  Topping,  on  ''Sinking  at 
Bamfurlong  Colliery,^'  was  now  open  for  discussion. 

Mr.  Perrin  said  that  the  chief  point  of  interest  in  the 
sinking  in  question  was  the  way  in  which  the  quicksands 
were  got  through.  They  presented  the  greatest  engineering 
difficulties,  and  in  this  case  he  considered  they  had  been 
most  successfully  grappled  with. 

Mr.  Topping  said  the  lining  of  the  Bamfurlong  pits  was 

effected  by  means  of  wooden  curbs:   they  had,  since  his 

paper  was  read,  had  to  re-line  them  with  an  iron  casing,  at 

a  cost  of  £400  to  £500. 

Ir 


ON    THE    "SPARK    TtJBE,"    OR    INFLAMMABLE 
GAS  INDICATOR.  1 

By   Dk.    Angcs    Smith. 


In  introducing  this  instrument  to  the  notice  of  the 
members.  Dr.  Angcs  Smith  said :  I  have  not  thought  of 
writing  a  separate  paper  upon  this  subject,  because,  in  my 
last  annual  report,  under  the  Alkalies  Act,  where  T  generally 
speak  about  gases  of  various  kinds,  I  gave  an  account  of 
this  tube;  and  I  at  this  time  have  only  written  a  very  small 
addition.  I  also  gave  a  drawing  of  the  tube  ;  that,  however, 
can  be  soon  for  itself  here.  (Dr.  Smith  exhibited  the  tube 
to  the  meeting.)  The  idea  is  this:  I  dare  aay  all  the 
members  know  the  old  compression  syringe,  used  to  prove 
that  when  gases  ai'o  lughly  and  riipi<lly  comprrs^ed  they 
give  out  heat.  For  this  purpose  there  is  simply  a  cylinder, 
which  may  bo  either  of  glass  or  of  brass,  with  a  piston  in  it, 
pretty  tight.  At  the  bottom  of  the  cylinder  there  is  usually 
placed  a  piece  of  tinder,  or  some  such  thing,  and  by  a  simple 
blow  with  the  hand,  compressing  the  gases,  heat  is  generated 
in  sufficient  quantity  to  ignite  the  tinder-  It  occurred  to 
me,  a  long  time  ago,  that  this  might  be  used  for  igniting 
the  gaaes  in  mines  ;  but  it  was  only  very  lately  that  I  got 
an  instrument  made  for  the  purpose.  We  tried  many  - 
tubes — of  glass,  for  example,  the  ordinary  compression  tube 
which  is  sold  for  the  purpose.  I  may  say  there  are  two 
compression  tubes  sold,  one  of  glass,  the  other  of  braaa. 
We  tried  the  brass  one,  with  the  gases  of  mines,  and  found 
that  it  was  bulged  out  with  a  violent  explosion,  to  a  very 
great  extent.  We  tried  then  the  glass  ones,  which  are 
made  of  very  thick  glass,  and  we  found  that  they  were 
broken  very  readily.  It  was  found  necessary,  therefore,  to 
use  a  somewhat  different  apparatus,  so  we  simply  made  a 
cylinder  pf  very  thick  br^iss,  which  would  prevent  anything 
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of  the  kind.    But,  as  it  was  necessary  to  see  the  explosion, 
glass  could  not  be  altogether  dispensed  with.     By  enlarging 
the  base,  room  was  made  for  a  small  cylinder  of  glass,  which 
was  somewhat  of  the  same  diameter,  but  a  little  larger,  than 
the  brass  cylinder,  so  that  the  end  of  the  piston  might  go 
down.    But,  in  order  to  cause  the  cylinder  to  escape  the 
glass  more  readily,  it  was  made  a  Uttle  narrower  at  the 
extreme  end.    By  using,  then,  simply  the  hand,  a  blow  was 
given  which  compressed  the  gases  and  raised  them  to  such  a 
point  of  heat  that,  if  they  were  explosive,  they  would  take 
fire,  and  the  explosion  would  be  seen  through  this  little 
window.     That  is  really  the  whole  of  the  apparatus.    We 
may  imagine,  then,  a  miner  testing  the  air  for  gas:  he 
would  leave  his  lamp  in  a  safe  place  and  go  forward,  making 
trials,  as  often  as  might  be  necessary,  with  this  apparatus ; 
on  placing  his  lamp  upon  the  floor  in  any  working  place,  he 
might  test  the  air  about  the  roof,  feeling  safe  that,  if  gas 
happened  to  be  present,  there  could  be  no  explosion  from  the 
use  of  the  tube,  because  the  spark  or  flame  produced  is  very 
small  and  entirely  confined  within  the  tube.     The  tube, 
however,  required  to  be  made  excessively  tight,  and,  in 
eflecting  this,  we  tried  oil  as  a  lubricant ;  but  this  would 
not  do,  as  the  oil  got  ignited,  and  there  was  always  an 
explosion  with  it.    It  was,  therefore,  necessary  to  use  some 
other  substance,  and  we  have  tried,  hitherto,  soap  and  water, 
which  seems  to  do  very  well.     We  found,  by  this  method, 
that  about  five  per  cent,  of  gas,  if  mixed  with  air,  could  be 
detected.    This  was  not  a  very  deUcate  test,  so  we  proposed 
to  increase  the  delicacy  by  adding  a  little  platinum  black. 
This  platinum  black  is  put  either  U>  the  end  of  the  piston- 
rod  or  to  the  bottom  of  the  cylinder — a  very  minute  quantity 
being  sufficient,  say  a  piece  the  size  of  a  pin  head.    This 
doubles  the  power  of  the  apparatus,  and  we  get  explosions 
when  there  is  two  to  two  and  a  half  per  cent. — ^always  when 
two  and  a  half —of  gas  present.    I  think  we  have  sometimes 


detected  two  per  cent,,  but  I  do  not  think  we  faave  goue 
further  in  delicacy  than  that.  I  place  the  instrument,  such 
aa  it  is,  before  you.  When  the  explosion  does  take  place, 
the  air  of  the  spot  to  be  tried  must  be  driven  in  again  before 
another  experimont  can  be  made.  In  order  to  do  that,  it  wae, 
at  first,  thoufi[ht  necessary  to  put  in  a  rod  of  glass,  by  which 
means  the  air  that  had  exploded  was  driven  out:  then,  upon 
withdrawing  the  glass  rod,  the  air  of  the  place  rushed  in. 
My  first  idea  was  to  put  in  a  stop-cock,  but  I  was  afraid  it 
might  cause  a  complication,  as  the  least  opening  spoils  the 
apparatus.  However,  I  have  one  here  with  a  stop-cock  at 
the  bottom  :  the  advantage  of  that  is  that  we  can  draw  in  a 
fresh  supply  of  air,  and  conduct  a  fresh  experiment  in  that 
way.  But  this  apparatus  is  not  at  present  in  a  workable 
condition — it  has  just  come  from  the  workman,  and  is  not 
quite  tight.  I  suppose  we  shall  be  able  to  have  it  made 
ultimately  so  that  the  two  metal  surfaces  will  work  upon 
each  other  with  sufficient  closeness  to  prevent  the  necessity 
of  any  substance  whatever  being  used  for  lubrication.  In 
the  absence  of  that  we  must  return  to  the  soap  and  water ; 
but  I  think  it  is  within  the  power  of  mechanism  to  make  it 


Several  experiments  with  ordinary  ooal-gas  were  conducted 
in  presence  of  the  members,  with  success. 


Mr.  Tealb  asked  whether  it  would  be  possible  to  tell  the 
per  centage  of  gas  in  a  mine  by  means  of  the  spark  tube. 

Dr.  Akqtjs  Smith  said  he  was  afraid  this  could  not  be 
done.  He,  however,  thought  that  a  man  who  had  had 
s  good  deal  of  experience  might  tcdl  pretty  nearly  by  the 
flash  whether  there  was  Uttle  or  much  gas,  but  it  would 
never  be  an  exact  measure  of  quantity. 

*  NoTB. — The  iHBtoii  did  not  reach  to  the  bottom  of  the  oj-lindar ;  if  it 
nuihM  too  atM  and  great  foi«e  it  empkyod  light  m»,j  be  obeerved,  u  Mr. 
Dtiioer  hM  ihown,  and  a*  the  wen-known  heat  would  indiMtte. 
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Mr.  Dickinson  said  that  both  Dr.  Ang^s  Smith's  instru- 
ment and  that  of  Frofessor  Forbes,  exhibited  at  a  previous 
meeting,  seemed  to  be  opening  oat  a  new  test  in  mining, 
which — ^particularly  in  those  mines  where  gunpowder  was 
used,  and  where  there  was  a  large  per  centage  of  gas — ^was 
likely  to  produce  excellent  results. 

The  Chairman  said  that  the  invention  seemed  to  him  to 
present  one  difficulty,  namely,  that  a  light  would  be  needed 
within  the  mine  by  the  person  using  the  tube ;  and  there 
would  still  be  the  risk  which  would  attend  the  taking  of  a 
lamp  into  places  where  gas  might  be  lurking. 

Dr.  Angus  Smith  said  he  had  thought  of  that  difficidty, 
but,  as  he  before  mentioned,  he  supposed  in  the  first  place 
that  there  were  parts  of  the  mine  which  were  free  from  gas, 
and  the  miner  coidd  go  into  these  with  his  lamp ;  taking 
his  lamp  as  far  as  might  be  convenient,  he  would  leave  it 
and  proceed  to  make  trials  with  the  tube  in  different  places. 
The  great  danger  from  gas  was,  he  believed,  when  it  lodged 
in  quantities  in  the  roof :  in  such  cases  the  miner  woidd 
place  his  lamp  on  the  floor,  and,  filling  the  tube  with  air 
from  the  roof,  would  make  the  requisite  tests  in  perfect 
safety.  He  (Dr.  Smith)  did  not,  of  course,  bring  the 
instrument  forward  as  a  complete  and  finished  invention, 
which  was  to  prevent  all  explosions  for  ever  in  coal  mines  ; 
he  brought  it  simply  as  an  idea  which  he  thought  might  be 
useful  in  the  prevention  of  explosions.  He  did  not  say  that 
it  was  the  best  idea,  but  it  was  a  novel  idea,  and  if  anyone 
thought  it  was  likely  to  be  useful,  it  was  at  his  service,  and 
he  would  be  happy  to  assist  in  further  developing  it.  The 
test  was  not  so  delicate  as  Professor  Forbes^  because  his 
instrument  indicated  one  per  cent,  of  gas ;  the  spark  tube, 
he  did  not  think,  had  ever  gone  finer  than  two  per  cent., 
but  it  might,  in  some  cases  be  more  convenient,  and  might 
be  used  by  a  rougher  hand,  than  Frofessor  Forbes'. 


FURTHER  NOTES  OF  TRTA8STC  BORINaS  NEAR 
WARRINGTON. 

By  C.  E.  DeRam;b,  F.Q.S.,  Aasoc.Iiiat.C.E.,  of 
H.  M,  Geological  Surrey, 


In  a  paper  I  laid  before  the  Society  in  February  of  last 
year,  I  stated  that  I  conBidered  the  hard  compact  sand- 
stone, met  with  in  Bootle  boring  at  a  depth  of  1228  feet 
from  the  surface,  belonged  to  the  Lower  Mottled  sandstone. 
I  also  called  attention  to  the  rounded  character  of  the 
fragmenta  of  the  soft  Bandstones  lying  between  the  base 
of  the  Pebble  Beds,  which  occurred  at  1039  feet,  and  the 
top  of  the  hard  bed  just  described,  and  I  further  attempted 
to  show  that  the  rounded,  or  "  millet  seed  grain,"  is  present 
in  the  hard  rock  beneath,  which  is  simply  the  softer 
sandstone  cemented  together  by  lime.  This  boring  having 
failed  to  penetrate  the  hard  rock,  though  carried  to  a  total 
depth  of  1334  feet,  left  a  certain  amount  of  doubt  as  to 
the  correctness  of  my  identification,  and  I  have  since 
learned  that  several  authorities  refer  the  rock  in  question 
to  the  Permian,  or  to  the  Goal  Measures.  I  am,  therefore, 
anxious  to  lay  before  the  Society  additional  information, 
which,  in  my  opinion,  satisfactorily  proves  the  correctness 
of  my  conclusions. 

In  February,  1879,  I  was  unacquainted  with  any  rock 
resembling  the  hard  compact  sandstone  of  Bootle,  in  May  of 
the  same  year  I  was  much  interested  to  recognise  it,  in  a 
series  of  samples  of  cores  shown  me  by  Mr.  Tinunins,  of 
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Runoom,  the  oontractor  for  the  well-borings  and  other 
works  now  being  put  down  at  Winwick,  near  "Warrington, 
and  on  going  through  the  series  of  specimens  occuring 
beneath  the  hard  band,  I  had  the  satisfaction  of  finding 
that  the  hard  band  at  Winwick  is  underlaid  as  well  as 
overlaid  by  soft  running  sand,  with  a  millet  seed  grain,  the 
whole  series  most  certainly  belonging  to  the  Lower  Mottled 
sandstone.  Beneath  them  are  49  feet  of  indurated  mottled 
grey  and  dark  marls,  and  calcareous  bands  overlying  good 
limestone  which  appears  to  precisely  correspond  with  the 
Upper  Coal  Measure  limestones  near  Manchester,  and  the 
limestone  proved  in  the  Clayton  Vale  boring  described  in  the 
Transactions  of  the  Society,  by  Mr.  Athorton,  the  cores 
from  which  I  had  the  opportunity  of  examining  through 
the  courtesy  of  Mr.  Vivian,  of  the  North  of  England  Rock 
Boring  Company.  These  coal  measure  deposits  occuring 
at  a  depth  of  only  340  feet  or  113  yards  from  the  surface, 
cannot  but  be  regarded  as  a  discovery  of  the  highest 
commercial  importance,  as  well  as  of  scientific  interest,  for 
looking  to  the  westerly  attenuation  of  thickness  of  the  coal 
measures  of  South  Lancashire,  to  which  I  have  already 
drawn  the  attention  of  the  Society,  there  can  be  little  doubt, 
but  that  the  Manchester  coal-field  will  occur  at  a  less  depth 
beneath  the  limestone  than  at  Manchester,  in  which  case 
a  valuable  and  workable  coal-field  may  be  under  the  London 
and  North  Western  Railway  at  Farkside,  where  a  boring 
has  also  recently  been  carried  out,  and  where  the  coal 
measures  have  probably  been  reached  at  even  a  still 
smaller  depth,  but  the  particulars  of  which  I  have  not  as 
yet  been  able  to  find  time  to  procure,  it  necessitating  a  visit 
to  North- Western  works  at  Crewe  where  the  cores  are 
preserved. 


SKtn. 


The  followuig  is  the  johtimI  of  the  Win  wick  boring: — 
Ft  In.  Ft.  in. 

Mo« r--       - 

30  0     Fioe  white  mod       

147  i     Fine  grain  saadntone   . . 

CoBTK  compact  sundstone,  witli  millet- 
aeed  groin  and  red  marl  bed 

182  0     Shalj-marl 

SOI  0     Fine  grained  (L.  H.)  Sfendrtona 

813  0     ffard  wmdstone 10  0 

Sondf  moii       

914  0    Harl     

226  0    Cnlcareos  sandstone 

252  6     Mari      

I'STge  grained  Mndttone  . . 

Murl ,      .. 

Soft  white  sand        

Soft  brown  tand 

Itod  BBDdatone 

Mottled  grey  marl 

Dark  mottled  marl 

Hard  brown  sandstone , .      . . 

Brown  marl      

Variegated  marl 4  0 

Marl 12  0 . 

Limestone 110") 

Marl 

Limestone     . . 

Compact  limestone 40j 

The  dip  of  the  Pebble-Beds  in  the  neighboorhood  is  to  the 
Bouth-eaat,  and  south  at  low  uigles,  in  Nob.  1  and  3  ehafta, 
the  strata  consist  of  soft  red  moulding  eand  without  pebbLes, 
Tery  easily  worked.  TSo.  3  Shaft  exhibits  oharacteristio 
Pebble-Beds,  the  ciurent-planes  being  covered  with  dai^ 
mica,  the  rock  is  hard  and  contains  pebbles.  Xo.  4  shaft, 
near  the  Spa  Well,  also  is  undoubted  Pebble-Beds,  though 
moderately  hard,  and  contains  many  pebbles. 
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270  6 
276  0 
298  6 
329  6 
340  6 
3S1  6 
360  0 
365  0 
369  0 
373  0 
385  0 
396  0 
399  0 
408  0 
412  0 


2  0 
28  0 
97  5" 

45  I 
S  6 
19  0 


12  0 
26  6 
IS  0 
6  0 
22  0 
31  0 
U  0. 
11  0 
8  6 
5  0 


S3'  6" 
Upper  cod 

measures. 


I  37  feet  of 
stone. 
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A  drift,  or  level  is  being  drilreB  to  this  shaft  from  the 
pumping  btation  1200  yards  distant,  which  will  doubtless 
throw  much  light  on  the  structure  of  these  sandstones,  a 
powerful  spring  of  water  was  met  with  in  No.  4  shaft  at  a 
depth  of  about  90  feet  from  the  surface. 

The  level  of  the  Farkside  Wells  of  the  North-Western 
Railway  will  be  about  110  feet  above  O.D.,that  of  Winwick 
pumping  station  125  feet,  that  of  the  Spa  Well  about  96  feet, 
that  of  the  Dallam  Lane  Forge  Well  about  43  feet.  Between 
Golbome  and  Farkside,  true  Febble-Beds  occur  dipping 
east,  from  Farkside  to  Spa  Well,  they  continue  and 
gradually  change  their  direction  of  dip  to  south-east,  as  is 
well  seen  at  Middleton  Hall  quarry,  near  Spa  Well.  Had 
not  this  change  of  strike  taken  place  the  base  of  the  Febble- 
Beds  would  have  cropped  out  north  of  Winwick,  instead  of 
which  they  occupy  a  considerable  tract  around  Golbome, 
and  the  thickness  of  triassic  strata  at  Farkside  would  have 
been  much  less  than  at  Winwick  1^  miles  to  the  south,  the 
strike  of  the  rocks  nearly  coinciding  in  direction  with  a  line 
drawn  between  the  two  wells. 

Between  the  Winwick  pumping  station,  and  Dallam 
Lane  Forge  2^  miles  distant  this  is  not  the  case,  the  Febble- 
Beds  at  Hulme  Delf,  south  of  Winwick,  dip  south  at  or 
directly  on  the  Dallam  works,  the  dip  varies  in  different 
quarries  from  4^  to  8%  taking  it  at  4"*,  and  the  base  of 
the  trias  at  Winwick  at  216  feet  below  O.D.,  and  assuming 
the  surface  of  the  Coal-Measure  beneath  the  trias  to  corres- 
pond to  the  amount  of  dip,  the  base  of  the  trias  would  be 
carried  down  1000  feet  at  Dallam  Lane  Forge,  or  11^16  feet 
below  O.D.,  and  1258  feet  below  the  surface. 

The  boriDg  of  which  I  gave  details*  actually  penetrated 
of  this  thickness  880  feet,  the  bottom  beds  met  with  being 
70  feet  of  soft  Lower  Mottled  i^dstone,  with  the  millet 

•  Tnna,  ICan.  Gedl:  Boo.  1S79. 


seed  grain,  occurring  immedifttely  beneath  pebble  bearing 
Pebblo'Beds,  so  that  these  soft  beds  evidently  belong  to  the 
uppermost  portion  of  the  Lower  Mottled  series,  these  we  have 
aecD  at  Winwick  reach  a  thickness  of  more  than  ^00  feet, 
and  at  Bootlo  boring  of  more  than  300  feet ;  in  the  latter 
ease,  without  their  base  being  reached,  so  that  they  may 
possibly  be  -150  feet  thick  under  Warrington,  in  which  case 
their  base  will  bo  1230  feet  beneath  Dallam  Lane  Forge* 
which  closely  agrees  with  the  calculation  of  the  probable 
position  of  the  base  of  the  Trias,  based  upon  the  observed 
dips  at  Winwick.  There  is,  therefore,  strong  evidence  to 
believe  that  the  Coal-Measures  under-lio  Warrington  at  a 
depth  of  400  yards,  but  at  what  angle  and  in  what  direction 
they  dip  there  is  no  evidence  to  show. 

The  higher  coals  of  the  Wigan  coal-field,  the  lace  mines, 
are  striking  nearly  south,  between  Town  Green,  Aahton, 
and  £dge  Green,  Golbome,  and,  did  no  fault  intervene, 
their  southern  prolongation  would  pass  through  Newton 
Bridge  and  Great  Sankey,  but  it  is  repeatedly  thrown  back 
westwards  by  faults,  with  westerly  downthrows,  so  that  the 
coal  measures  between  Winwick  and  Sutton  are  higher 
measures  lying  above  the  Lyons  Delf,  of  St.  Helens,  and  pro- 
bably in  great  part,  belong  to  the  Upper  (or  Manchester)  coal- 
field. In  the  centr«  of  this  tract  a  colliery  has  been  sunk  on  Bold 
Moss,  east  of  St.  Helens  Junction,  for  opportunities  to  view 
which  and  for  copies  of  the  section  passed  through,  I  have  to 
thank  Mr.Harbottle,  the  managingdirector,  several  coal  seams 
have  been  passed  through,  and  these  have  been  supposed 
to  be  identical  with  the  upper  seams  of  the  St.  Helens  field, 
but  after  having  the  section  drawn  to  scale  and  compared 
with  the  neighbouring  collieries,  I  am  inclined  to  think 
that  these  coals  are  on  a  higher  horizon  and  probably 
belong  to  the  upper  coal  measures.  Progressing  westwards, 
the  first  fault  with  an  easterly  downthrow  is  that  passing 
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through  Whiston,  which  with  that  passing  Sutton  Heath, 
throws  in  the  remarkable  trough  of  New  Red  sandstone, 
extending  from  Rainhill  to  Eccleston  Hill,  which  I  have 
lately  had  the  opportunity  of  examining  in  great  detail, 
and  it  will  be  noted  that  it  is  in  this  triangle  that  the  small 
tract  of  Upper  Coal-Measure  limestone  is  brought  by  faidts 
to  the  surface  at  Huyton,  long  since  described  by  Mr. 
Binney  and  Prof.  Hull ;  here  we  have  the  normal  S.  W. 
and  N.  E.  strike  of  this  area,  and  should  this  continue  east- 
wards, and  the  limestones  proved  as  Winwick  range  in  this 
direction  with  a  south-easterly  dip,  the  measures  underlying 
the  trias  of  Warrington,  must  be  very  considerably  above 
the  horizon  of  the  limestones  and  higher  to  the  series  than 
any  coal-measures  cropping  to  the  surface  in  Lancashire. 
But  should  the  limestones  of  Winwick  belong  to  the  same 
horizon  as  those  of  the  Manchester  coal-field,  it  is  in  the 
highest  degree  probable  that  another  600  feet,  and  possibly 
much  less,  would  reach  the  Openshaw  coal  or  its  equivalent. 
Microscopic  Structure, — ^Through  the  kindness  of  Messrs. 
Mather  &  Piatt,  of  Salford  Iron  Works,  the  contractors  for 
the  Liverpool  Corporation  boring  at  Bootle,  I  have  obtained 
a  series  of  samples  of  parts  of  the  cores  brought  up  from 
different  depths,  some  of  which  I  have  submitted  to  the 
experienced  microscopist,  Mr.  John  Arthur  Phillips,  who 
has  compared  them  with  each  other,  and  other  sandstone 
sections,  from  whose  examination  it  appears  the  hard  rock  is 
composed  of  similar  roimded  grains  to  the  soft  rock,  and 
from  the  character  of  the  surface  of  those  grains,  there  is  a 
strong  reason  to  believe  they  were  originally  an  ancient 
blown  sand.  A  large  number  of '  other  interesting  pheno- 
mena resulted  from  Mr.  Phillips'  examination,  as  to  the 
origin  and  composition  of  the  grains,  the  presence  of 
crystals  of  subsequent  growth  on  their  surface,  these  and 
other  matters  foreign  to  this  paper,  will  be  embodied  in  Mr. 
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PIiilllpG'  inrestigntiaiis  on  ttio  sedimeEitary  rocks,  on  which 
he  iH  now  ongaged. 

Those  who  have  studiad  the  method  of  occurrence  of 
hlown  sand  on  the  I^ncuhire  coast  know  that  of  necessi^ 
pebbles  are  rare,  the  sand  is  largely  current-bedded  by  tha 
action  of  the  wind  ;  that  rain-water  charged  with  carbonic 
acid  gas  percolating  through  saod-hillB  dissolves  out  shells 
of  moUuBca,  and  that  these  seldom  occur ;  that  the  low  flat 
tract  between  sand-hills  are  subject  to  floods,  and  inhabited 
by  toads. 

Studying  the  Trtassic  rocks  of  Lancashire  in  reference  tft 
these  characteristics,  we  have,  in  ascending  order,  the  Loicer- 
Moilled  Sand*lone,  composed  of  rounded  grains,  resembling 
those  of  modem  blown  sands,  and  no  traces  of  life.  The  Pcbbk 
Beds,  sandstone  with  pebble  banks  or  beach  following  line§ 
of  current  bedding  and  old  water  margins — pointing  to  the 
movement  of  water  or  cumnts  causing  denudation,  and  the 
arrest  of  the  velocity  of  the  movements  of  these  currents, 
causing  deposition.  The  Pebble-Beds  contain  incooBtant 
shale  beds  pointing  to  local  cnrrenta,  tranqnil  depositioD, 
which  the  pressure  of  pseudo-morphoua  crystals  of  salt  prove, 
took  place  in  isolated  lagoons.  The  Upper  Mottled  Sand- 
stone, pebbles  are  exceedingly  rare,  shale  beds  uncommon, 
and  beds  of  millet  seed  grain  often  occur,  especially  towards 
the  upper  part,  which  nearer  the  base  are  lines  of  erosion,  the 
rock  eroded  being  invariably  sustained  by  coarse-grained 
rock,  resembling  in  character  that  of  the  Pebble  Beds,  and 
that  formed  at  a  later  period  at  the  base  of  the  Eeuper 
series.  The  Lower  Keuper  building  stones  are  all  hard, 
compact,  and  angular-grained ;  they  are  associated  with 
shale-bands,  plant  and  labyrinthodont  remains ;  at  the  close 
of  this  episode,  the  sources  of  coarse  material  appear  to  have 
been  cut  off,  and  the  waterilepositing  fine  sands — alternating 
with  marls — was  tranquil,  undisturbed,  and  unmoved  by 
curr^its. 
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Water^  Supply. — ^The  soft,  millet-seed  grained,  moulding 
sands  of  Town  Green,  near  Ormskirk,  belong  to  the  Upper 
Mottled  sandstone,  but  occupy  a  Imrer  horizon  in  it  than  the 
more  compact  sandstones  faulted  in  west  of  the  railroad,  in 
which  the  principal  well-borings  of  the  Southport  Water 
Works  have  been  carried.  But  the  soft  beds  afford  the 
water-bearing  horizon  in  the  wells  of  the  Widnes  Local 
Board,  at  Stockwells  and  Netherlee. 

At  Dallam  Lane  forge  boring,  as  stated  in  my  previous 
commimication  on  the  subject,  distinct  traces  of  a  fault  occur 
at  753  feet ;  and  at  384  feet,  Mr.  Beck  found  the  beds  turned 
on  end,  due,  in  his  opinion,  to  a  second  fault.  That  one 
faxdt  occurs,  ranging  up  from  the  south  side  of  the  river,  is 
undoubted,  and  I  was  inclined,  with  Mr.  Strahan,  to  attribute 
the  brine  spring  met  with  to  the  action  of  this  fault,  leading 
the  brine  from  the  salt  district,  in  the  Eeuper  marls,  to  the 
south.  But  during  the  past  year,  after  careful  study  of  the 
action  of  faults  on  the  passage  of  water,  I  have  given  up  the 
position  as  untenable. 

Where  two  porous,  permeable  rocks,  are  thrown  against 
each  other  by  a  fault,  the  dislocation  offers  little  resistance 
to  the  passage  of  water  through  the  fault,  and  affords  no 
facilities  for  its  passage  along  its  length — either  between  its 
walls  or  along  the  face  of  the  upcast  slope. 

Where  two  impermeable  beds  of  shale,  or  clay,  are  thrown 
against  each  other,  the  fissure  of  ihe  fault  is  narrow,  that 
it  seldom  includes  foreign  materials^  and  water  can  neither 
pass  through,  or  along  it. 

Where  permeable  formations  are  thrown  against  imper- 
meable rocks  by  faults,  the  district  is  divided  into  water- 
tight compartments,  water  flowing  down  the  dip  planes  of 
the  strata,  ponding  up  on  the  dip  side,  travels  along  the 
face  of  the  fault  and  rises  until  it  escapes,  where  the  porous 
rock  crops  to  the  surface  and  is  cut  off  by  the  &ult,  the 
course  of  which  is  marked  by  a  line  of  springs. 


In  ibe  case  of  the  fault  tmversiog  Warrington  from  the  I 
south,  tlie  tiasure  of  the  fault  In  the  salt- bearing  morWl 
would  be  close,  and  unavailable  as  a  duct,  and  supposing  I 
even  brine-laden  water  to  have  sunk  into  the  sandstone  I 
beneath,  these  being  porous  would  absorb  it  equally  in  all  I 
directions,  and  would  be  incapable  of  conveying  it  in  the  I 
fiasuro  of  the  fault  to  their  outcrop  to  the  north  under  I 
Warrington. 

Looking  to  the  probable  proximity  of  the  coal  measures  I 
to  the  surface,  and  that  salt-springs  occur  in  many  coal-  I 

ds,  and,  indeed,  in  the  Wigan  coal-Geld,  near  Worthing-  | 
ton,  I  am  inclined  to  believe  the  brine-springs  of  DallaDL  J 
Lane  to  be  of  coal  measure  origin. 


Mr.  DiiKi^-inN  Kaid  that  in  the  paper  which  ho  had  read 
Mr.  DelUnce  spoke  of  the  rocks  bored  through,  both  at 
Winwick  and  at  the  Dallam  Forge,  as  being  mottled  sand- 
stone, with  the  pebble  beds  below.  About  a  year  ago  a 
paper  upon  that  subject  was  read  by  Profeeaor  Hull  in 
which  the  rocks  in  question  were  attributed  to  another  and 
quite  a  different  formation.  Professor  Hull  had  laid  down 
the  geology  of  those  rocks  upon  the  Geological  maps,  and 
the  object  of  his  paper,  read  before  that  Society  was  to 
disprove  his  own  previous  work.  So  far  as  he  (Mr. 
Dickinson)  was  aware  all  those  members  who  took  an 
interest  in  the  matter  considered  that  the  Geological  map 
was  right  and  that  the  Professor's  more  recent  conclusions 
were  wrong.  He  would  like  Mr.  DeRance  to  say  whether 
he  considered  the  map  to  he  right,  or  otherwise  ? 

Mr.  DbRancb  :  The  map,  I  think,  is  correct. 

Mr.  Dickinson  said  he  quite  coincided  with  Mr.  De 
Kance,  and  that  Professor  Hull  went  out  of  bis  way  to 
prove  his  own  work  to  be  Wrong.  He  (Mr.  Dickinson)  had 
never  had  an   opportunity    of    seeing   the    limestones    at 
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Winwick,  which  were  sunk  to  for  the  water  works ;  but  he 
knew  Permian  limestone  had  been  met  with  and  worked 
at  Patricroft ;  also  at  Astley  and  West  Leigh ;  and  had 
been  sunk  through  again  in  the  new  pit  at  West  Leigh. 
It  was  generally  supposed  that  the  limestone  met  with 
at  Winwick  was  Permian  too.  K  Mr.  DeRance,  from 
observation,  was  able  to  say  that  it  was  carboniferous  and 
not  Permian  it  would  really  be  a  most  important  distinction, 
which  would  require  to  be  imderstood  and  recognised. 

Mr.  DeRance  said  he  believed  there  were  fossils  in  it,* 
but  he  had  not  seen  them.  He  might  say,  with  regard  to 
the  faults,  that  he  believed  the  reason  why  Professor  Hull 
came  to  the  conclusion  he  did  was  the  very  extraordinary 
quantity  of  salt  foimd  in  the  boring  at  Dallam  Lane,  and 
the  great  similarity  of  the  top  beds  there  to  the  upper  beds  of 
the  Keuper.  Mr.  DeRance  read  the  following  letter  from 
Mr.  Beck,  of  the  Dallam  Lane  Works  :  -^ 

^^  Whilst  we  were  boring  at  Dallam  Lane  Forge,  the  water 
stood  in  the  bore  from  Sift.  6in.  to  d5ft.  6in.  from  the  surface, 
being  slightly  affected,  I  presume,  by  the  neighbouring  wells, 
which  were  kept  down  to  a  level  of  about  60  feet  during  the  week. 
The  31-6  was  registered  on  a  Tuesday,  and  the  35-6  on  a  Friday. 
The  highest  amount  of  chlorides  was  from  a  sample  brought  up  from 
the  bottom  of  the  bore,  the  average  of  the  bore  at  the  time  being 
about  1900  grains  to  2200  at  the  full  depth.  I  did  not  get  a 
sample  from  the  bottom.  The  average  samples  were  taken  after 
some  hours  pumping  with  the  bore  closed  and  the  pump  drawing 
against  a  15  to  20  inch  vacuum." 

From  all  that  he  (Mr.  DeBance)  had  seen  there  was  no 
reason  to  suppose  trough  faults  throw  in  higher  beds  at 
Dallam.    A  fault,  however,  traversed  (North  and  South) 

*  Since  writing  the  aboYe,  I  have  been  informed  that  8p%r9rb%$  Carhonariut 
has  been  detected  by  Mr.  Siddal,  of  Chester,  in  a  microscopic  section  of  the 
Winwick  limestone,  which  substantiates  my  views. — 0.  E.  B. 
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througlt  Warrington,  throwing  certain  measurcR  agau 
similar  measures — and  it  was  mot  with  not  only  in 
the  Dallam  Lane  ainkiag,  but  also  in  another  boring 
belonging  to  the  same  Company  at  the  Warrington  Wire 
Iron  Works,'  where  a  well  was  sunk  which  was  also 
brackidh  ;  and  it  had  been  suggested  that  it  was  by  means 
of  this  fault,  which  was  known  to  occur  at  the  surface  south 
of  the  river,  and  to  traverse  the  red  marl  district,  acting 
as  a  duct,  that  the  salt  was  drawn,  from  the  salt  districts  of  ■ 
Cheshire.  He  did  not,  however,  see  how  that  view  could 
|iossibly  be  sustained. 


Ein>  or  Vol.  SV. 


■  I  have  to  ttumk  Mr.  Beck,  of  Ddlun  Lftne  Forge,  for  much  inform- 
fttioii ;  ftlfo  Ur.  Tinmiiiu,  of  Bnnconi,  and  his  Aon,  Mr.  A.  Tfanmim, 
8tad.Iii«t.0.E.,  for  nuuij  tsdlitiei  lai  for  ■wktanoe. — C.  B.  B. 


3  bl05  DOA  lis  bSS 


LOCKLD  j;!Ai;,\'- 


/^ 


/ 


<.! 


^1 


